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I INTRODUCTION 
I.1 Definition of molecular farming 
Plant molecular farming (PMF) has been defined by Franken et al. (1997) as the production of 
pharmaceutically important and commercially valuable proteins in plants and represents the 
“third generation” of plant genetic modifications (GM). The first generation manipulated 
plants for pesticide and insect resistance while the second aimed to improve their agronomic 
characteristics (e.g. cold and drought tolerance) and nutritional characteristics. The first two 
generations aimed to improve the plants, whereas the third generation aims to use the plants 
as bio-reactors.  
I.2 Advantage of plants in molecular farming 
Existing technology already enables recombinant proteins to be produced by transgenic 
bacteria, yeasts, and filamentous fungi, so why the venture on to new ground with higher 
plants? The two main arguments put forward in favour of biopharming are decreased cost and 
product safety (Larrick et al., 1998). Micro-organisms need more than casual attention to 
thrive; they need intensive care. The ambient temperature, pH and aeration must be carefully 
controlled and kept just right. Nutrients must be added in carefully regulated doses and waste 
products removed. Micro-organisms are cultured in high-technology fermenters that are 
housed in expensive-to-run factories, resulting in high manufacturing overhead costs. With 
PMF, costly fermentation systems are replaced by plants, with lower infrastructure costs, 
making it possible to vary the scale of production from small greenhouses to multi-acre field 
plots.  
Like transgenic animals, plants can be genetically transformed to express protein-based 
pharmaceuticals and other valuable proteins. In plant transformation gene transfer is 
commonly effected by the bombardment of the appropriate plant tissue (eg. callus tissue, 
embryos etc.) with DNA of the desired protein using a particle gun, or through mediation by 
Agrobacterium harbouring the gene of interest. Initially the idea to use plants and plant cells 
for the production of human proteins was “greeted with great skepticism” (Fischer et al., 
2003; Schillberg et al., 2003), but research has demonstrated the potential of plant expression 
systems to produce large quantities of pharmaceutical proteins. Therefore plant systems are 
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capable of offering a simpler and lower-cost alternative to bacterial and mammalian systems 
(Stoger et al., 2002). The costs of producing recombinant proteins in plants might be 90-fold 
lower than the production in other systems (Schillberg et al., 2003). Additionally, safe 
biopharmaceuticals can be produced in plants, since plants do not contain human pathogens 
compared to mammalian cells (Giddings et al., 2000). Each transgenic plant that produces the 
target pharmaceutical is effectively an individual manufacturing plant in itself, with the 
advantage that plants require little more than sunlight, water and basic horticultural attention. 
The potential savings in pharmaceutical manufacture by this cost-efficient approach can be 
very substantial indeed. Therefore, the use of transgenic plants could be a solution to the need 
for a scale-up in the production capacity of recombinant proteins. Another important 
advantage of plants over bacteria is that glycosylation of expressed eukaryotic proteins would 
take place in the plant system, which does not occur in bacteria. 
A large number of recombinant proteins have been produced in plants over the last 20 years, 
demonstrating the ability of plants to compete with existing industrial production systems. 
These include blood and plasma proteins, such as human albumin (Goddjin and Pen, 1995; 
Sijmons et al., 1990), apropin (Zhong et al., 1999), enkephalin (Takamatsu et al., 1990; 
Vandekerckhove et al., 1989), haemoglobin (Dieryck et al., 1995; Halling-Sorensen et al., 
1998), antigen produced for vaccination purposes (Richter et al., 2000) growth factor, 
hormones, cytokines (Giddings et al., 2000), enzymes with therapeutic potential, conversion 
enzymes, angiotensin I (Hamamoto et al., 1993), protein C (Cramer et al., 1996), 
glycocerebrosidase (Cramer et al., 1996; Steiner, 2000) and finally antibodies. The successful 
expression of full-size recombinant immunoglobulins was first reported by Hiatt and co-
workers in tobacco leaves (Hiatt et al., 1989). Since then, many teams from the public and 
private sectors have demonstrated the feasibility of producing different complex proteins 
including antibodies (Fischer et al., 2003; Gomord and Faye, 2004; Hiatt et al., 1989; Ma et 
al., 1995; Stoger et al., 2000), in many different plant systems. Techniques have been 
developed to optimise expression levels and shown that plants are attractive alternative 
production systems mainly because of their low cost, high level of safety, ease of scale-up and 
storage properties (Schillberg et al., 2003; Stoger et al., 2004; Twyman et al., 2003). 
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I.3 Existing plant systems 
The first PMF experiments used tobacco and maize; maize because it is easy to grow, and 
tobacco because it lends itself well to genetic manipulation, produces abundant seeds, and has 
large leaves that provide large biomass. Other plants used include oilseed rape, safflower, soy, 
alfalfa, potato, wheat and rice. The later two have an advantage over other plant species in 
that they do not produce harmful compounds such as alkaloids (Stoger et al., 2000). Each 
plant previously listed were carefully selected for their known properties conducive to 
biotechnological research, as well as the wealth of existing knowledge about their pollination, 
genetics, seed dormancy and weediness potential. This information is crucial in determining 
pollen movement and the possibility of gene transfer with conventional plants. All this 
information is used in order to achieve maximum isolation of field trails (Felsot, 2002). The 
decision of which plant production system to use depends on a number of factors such as 
intrinsic efficiency, suitability for scale-up, storage potential and downstream processing. 
Tobacco for example is long established as a model system and offers advantages such as fast 
generation of large amounts of biomass, simple gene transfer and regeneration procedures as 
well as optimised vector systems. Large-scale purification of e.g. recombinant antibodies 
from 200 kg batches of tobacco leaves has been reported (Valdes et al., 2003). 
As an alternative to whole plant expression, plant cells or organ cultures can be used. 
Compared to the production of recombinant proteins in transgenic plants, the generation and 
initial up-scaling of transgenic suspension cell lines is considerably faster and requires less 
resources (Fischer et al., 1999a). Production of recombinant antibodies in plant cell 
suspensions allows sterile containment in compliance with GMP-conditions (Good 
Manufacturing Practices) (Fischer et al., 1999a; Hellwig et al., 2004; Schillberg et al., 2003; 
Sharp and Doran, 2001). Additionally, the cost of protein production in plant cell culture is 
still lower than that of mammalian cells (Fischer et al., 1999b). However, only two secondary 
metabolites, shikonin by Mitsui Petrochemical Company (Japan) and paclitaxel (Taxol) by 
Bristol-Myers Squibb (New York, USA) have been produced on a commercial scale in plant 
suspension cells (Hellwig et al., 2004). Different plant species have been used so far for the 
generation and propagation of cell-suspension cultures, such as Arabidopsis thaliana (Desikan 
et al., 1996) and Cataranthus roseus (Carew and Bainbridge, 1976), but also important crop 
plants like rice (Chen et al., 1994), soybean (Upmeier et al., 1988), alfalfa (Daniell and 
Edwards, 1995), tomato (Kwon et al., 2003) and tobacco (Nagata et al., 1992). 
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I.4 Rationale for producing foreign proteins in the latex 
Thousands of plant species are potential candidates for “bio-pharming”, each with its own 
strengths and weaknesses. The many advantages of transgenic plants for “bio-pharming” 
notwithstanding, their one significant and universal weakness is the difficulty of recovering 
the recombinant protein. Generally, recovery of the target product involves the destruction of 
the plant or a substantial portion of it. As a result, protein recovery is not usually a continual 
process in contrast to microbial systems. The synthesis of commercially important proteins - 
particularly pharmaceuticals - by micro-organisms (such as bacteria and yeast in bioreactors) 
involve processes well entrenched in industry. Recently, DNA engineering in animals has 
made possible the expression of foreign proteins - commonly therapeutic proteins - in the 
milk of lactating animals such as sheep, goats and cows (Denman et al., 1991; Schnieke et al., 
1997). These animals effectively become natural bioreactors that support the sustained yield 
of target proteins which include human hormones, enzymes, blood coagulating factors and 
immunological agents. An ideal system would have the ease of production of a plant system 
with continual production/ease of purification of lactating animal system.  
Milkweeds (also known as latex-producing or laticiferous plants) could avoid many 
disadvantages inevitably associated with animal or microbial systems. Among plants, 
milkweeds are unique in that they produce latex upon tapping, a non-destructive method of 
extraction and harvesting. The latex constitutes the cytoplasm from specialised cells, the 
laticifers (Dickenson, 1969). Laticifers are highly specialised internal secretory systems 
distributed throughout the whole plant. The term latex is applied to fluids, usually with a 
white appearance, although latex of other colours is also known. Sometimes latex is only 
slightly milky or even translucent. The milky appearance is due to the suspension of many 
small particles in a liquid dispersion medium with a different refractive index.  
Laticifers, the latex bearing structures, vary in origin, anatomy, and distribution. Very often 
the laticifers accompany the vascular tissue, occurring particularly in the phloem, where it is 
often difficult to distinguish them from sieve-tubes. In situ, they contain the usual organelles 
of plant cells including nuclei, mitochondria, plastids, vacuoles, ribosomes, Golgi apparatus 
and endoplasmic reticulum (Jacob et al., 1989). From a chemical point of view, the latex is a 
complex mixture of various chemical substances which also varies widely and may include 
different rubbers, resins, essential oils etc. (Archer et al., 1963; Fahn, 1979, 1990). 
Laticifers present an intensive metabolic activity. In common with other types of plant cells, 
laticifers can synthesise the numerous molecules required to achieve their basic physiological 
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functions. However, they are unique in their ability to synthesize and store secondary 
metabolites, often in considerable amounts. These metabolites display chemical structures that 
are greatly different depending on the family to which the plant species belongs. Certain latex 
bearing plants are of major economic importance due to their ability to synthesize and store 
useful secondary products such as alkaloids, hydrocarbons, or enzymes. The latex of the 
poppy plant (Papaver somniferum; family: Papaveraceae), for example, is well known as a 
rich source of 20 alkaloids, among them the analgesics codein and morphine. Some of these 
abundant polypeptides (up to 50% of the soluble latex protein) appear to be specific to the 
laticifers and thus have been termed Major Latex Proteins or MLPs (Nessler et al., 1985; 
Nessler and Haar, 1990; Nessler et al., 1990; Nessler and Burnett, 1992). Extracts of plant 
secondary product – such as codein and morphine from Papaver somniferum and digoxin 
from Digitalis sp.- have been used for centuries in human medicine (Paiva, 1999).  
In contrast, laticifers of the rubber tree (Hevea brasiliensis; family: Euphorbiaceae) are 
equipped for the efficient synthesis and storage of cis-1,4-polyisoprene (rubber) that may 
represent up to 30% of the dried Hevea latex. Hevein, one of the major latex proteins (MLP) 
of Hevea brasiliensis, accumulates inside vaculoar elements known as lutoids where it 
represents about 50-70% of the soluble proteins (Archer et al., 1969). Upon tapping (excision 
of the thin layer about 1mm thick of the trunk bark), the latex vessels are severed and the latex 
flows out until latex coagulation processes occur to plug the wound. Reconstitution of the 
expelled latex is ensured by an active in situ regeneration metabolism (Gomez, 1982). In fact, 
the nuclei of laticifers are not generally expelled with the latex outflow (Dickenson, 1969; 
Gomez and Moir, 1979). Hevein has been proposed to participate in the latex coagulation 
processes, when released in the cytosol, by fixing the N-acetyl-D-glucosamine moiety of a 
receptor protein located at the surface of the rubber particles, thereby promoting the 
agglutination of rubber particles and the plugging of the tapping cut (Gidrol et al., 1994).  
The latex that flows out of laticiferous plant is free of animal and human viruses. 
Recombinant proteins produced by milkweeds are therefore safe from the danger of 
contamination with e.g. HIV virus, hepatitis virus and other pathogens that may be present in 
products generated from human blood, such as α-1-antitrypsin (AAT) and blood clotting 
factors. Laticifers are therefore a convenient system for collecting pure cytoplasm from a 
terminally-differentiated plant cell type for molecular analyses/purification of recombinant 
proteins. The major genomics approaches with latex plants have focussed on molecular 
breeding and genetic engineering of the common rubber tree (Hevea brasiliensis), the major 
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cash crop of natural rubber production and, at present, the model plant for latex biology. The 
tree can be tapped every alternate day throughout the year without pause. Hence, an 
appropriate engineered rubber tree allows the continual production of the target protein. To 
this end, the Rubber Research Institute of Malaysia has successfully developed transgenic 
rubber plants that produce foreign proteins of potentially commercial value in the latex. 
However in terms of initial start-up, the period of the approximately three years of immaturity 
before the first product can be harvested may not compare favourably with traditional 
microbial reactors. The long reproductive cycle of the rubber tree (approx. five years to 
flowering) would also mean that manipulation of the inserted gene by sexual reproduction 
(e.g. to transfer foreign genes from two separately transformed plants into their progeny) 
could be time consuming (Poirier et al., 1992). Functional antibody fragments have been 
expressed in the latex of transgenic Hevea brasiliensis. However, PMF approaches using 
Hevea are blocked by the long regeneration time of transgenic clone (5 years) that cannot 
instantly respond to urgent needs of the pharmaceutical industry for the production of 
recombinant proteins and also by the patent granted to the Malaysia Rubber research institute 
on the usage of the laticifer-targeting principle in Hevea. 
I.5 Taraxacum officinale latex as a carrier for recombinant proteins 
Dandelion (Taraxacum officinale), an Asteracea milkweed, is a traditional medicinal plant of 
Europe and Orient and is generally considered to have tonic and laxative properties, among 
others. This hardy perennial herb usually has deeply toothed hairless leaves, 5-30cm long and 
1-10 cm wide. It grows 3-35 cm in height, forming a rosette of leaves at ground level. It has 
single yellow flowers on straight, leafless hollow stems, which emerge from the centre of the 
rosette. Each flower consists of a collection of florets. T. officinale has tap roots, tapering 
from 2 to 3 cm and at least 15 cm in length which are fleshy and brittle, and have a dark 
brown colour on the outside and white on the inside. The whole plant, including the root, 
contains a milky white juice or latex. When fresh latex is centrifuged, it separates into a heavy 
bottom fraction and an aqueous fraction. Protein analysis of the aqueous fraction by SDS-
PAGE and Coomassie staining revealed that the latex of T. officinale is mainly composed of 
four major proteins expressed at a very high level (Fig. I.1), indicating that the mechanisms 
for protein production are present in the laticifers. 
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Figure I.1: SDS-PAGE analysis of T. officinale latex proteins. 
Freshly tapped latex from T. officinale was collected (II.2.1.1) and analyzed by SDS-PAGE (II.2.1.2). A – Lane 
1: latex proteins stained with Coomassie blue. Lane 2: pre-stained protein marker (Dual colour; Invitrogen) 
 
Based on these features, transgenic T. officinale plants could provide a novel and faster 
approach for the production of the desired foreign gene products in the laticiferous system and 
recovering the said protein in the relatively pure latex fraction of the plants. Several crucial 
factors would determine the ultimate commercial viability of T. officinale. The rate of 
synthesis of recombinant proteins is one such major consideration. Gene expression would 
need to be high enough to be competitive with alternative manufacturing processes, especially 
conventional bioreactor production. Therefore, we have focused on the genes encoding these 
Major Latex Proteins (MLPs) as a source of potentially useful promoters for the control of 
transgene expression in the latex of T. officinale.  
Ease of propagation is another factor to consider, especially as the transgenic T. officinale 
system can exploit simple clonal expansion techniques. The amenability of T. officinale to 
vegetative propagation means that the acquisition of sufficient numbers of transgenic plants to 
support a viable commercial undertaking would not be a problem. Although T. officinale can 
be propagated directly from seed, it can also be raised by root division as any piece of tap root 
left in the ground will sprout again. With transgenic T. officinale there is no necessity to 
obtain large numbers of transgenic plants de novo, where the levels of gene expression in 
individuals might be variable and require testing. The first requirement would be to select 
from a number of transformants those that give the best recombinant protein expression. From 
these, unlimited numbers of clonally identical plants can be produced by vegetative 
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propagation. Since tissue culture is not involved in the horticulture process, deleterious effects 
of somaclonal variation are not a potential problem with this system. 
I.6 Reporter genes to monitor the regulation of MLPs expression  
Whether the transgenic T. officinale can become a successful manufacturing plant will depend 
firstly on whether the inserted gene can be effectively transcribed and translated into the latex. 
Higher plants are amenable to genetic manipulation and methods including stable 
transformation and plant regeneration have provided valuable tools to study the regulation of 
chimeric genes in transgenic plant (Schell 1987). Regardless of the method of gene transfer 
chosen, all investigations have been performed using so-called ‘reporter’ genes. Reporter 
protein and encoding genes are essential tools of molecular biology mostly used to monitor 
spatial and temporal gene expression patterns or to quantify gene expression in transient 
assays.  
Popular reporter proteins include β-glucuronidase (GUS), luciferase (LUC), chloramphenicol 
acetyltransferase (CAT), β-glalactosidase and the green fluorescent protein (GFP). The lacZ 
and the uidA (or gusA) genes from E. coli, encoding a β-galactosidase and a β-glucuronidase 
respectively, are the most widely used reporter genes in plant molecular biology research. 
Histochemical assays are performed using chromogenic GUS substrates such as 5-bromo-4-
chloro-3-indolyl-β-d-glucuronide (X-Gluc) or naphthol AS-BI-β-d-glucuronide. The latter 
substrate demands a post-coupling reaction and is not used anymore. X-Gluc is generally 
recommended for the histochemical localisation of GUS activity. The reaction proceeds 
through an unstable colourless indoxyl intermediate, which undergoes an oxidative 
dimerisation to a blue water insoluble reaction product called dichloro-dibromo indigo (ClBr 
indigo). Dimerisation is accelerated by a potassium ferricyanide/ferrocyanide mix which has 
to be included during the reaction (Lojda, 1970). Only under these conditions X-Gluc 
becomes a good substrate for in situ localisation studies since ClBr indigo precipitates close to 
the site of enzyme activity. The β -glucuronidase (GUS) assay invented by (Jefferson et al., 
1987a) is very sensitive, and offers the possibly to obtain both quantitative (fluorometric and 
spectrophotometric) and qualitative (histochemical) data. Qualitative assays usually aim to 
monitor promoter activity and the specificity of gene expression in cells, tissues and organs. 
GUS has also proven to be a powerful tool to study protein targeting (Kavanagh et al., 1988). 
Arokiaraj (1998) first reported the GUS expression in the laticiferous system of Hevea 
brasiliensis. Histological observation revealed that the phloem regions encompassing the 
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laticifers were most strongly stained blue with X-Gluc, indicating that the CaMV 35S 
promoter directed GUS expression in this tissue. Strong GUS expression was also detected in 
the latex serum, making GUS an appropriate reporter protein to study gene expression in the 
latex compartment. 
Whereas monitoring of GUS, LUC and CAT expression (activity) requires preparation of 
protein extracts, addition of suitable substrate and performance of enzyme assays, GFP and - 
more recently – the red fluorescent DsRed have become very attractive due to the fact that 
they allow non-invasive, non-destructive detection in planta. Despite the fact that GFP has 
established itself as a very important and versatile reporter in plant molecular biology, 
detection of GFP in plants sometimes suffers from the difficulty in distinguishing GFP signals 
from the autofluorescent background of green plant tissue, which is due to the excitation 
wavelength of chlorophyll close to that of GFP. DsRed, a red fluorescent protein isolated 
from reef corals (Discosoma sp.) possesses an excitation peak wavelength (553) just above 
the excitation peak of chlorophyll (Matz et al., 1999). Thus by using the appropriate filter 
sets, it is possible to excite DsRed specifically, thereby avoiding the chlorophyll 
autofluorescence. Mas et al. (2000) provided the first evidence for the successful use of 
DsRed in plant cells by showing nuclear localised DsRed expression in tobacco BY2 
protoplast cells. DsRed was also found to be a easy-to-detect reporter protein, well-suited for 
the use in plant molecular biology, especially for cytosolic chloroplast-targeted expression in 
plant cells (Jach et al., 2001). However, nothing is known about the performance of DsRed 
expression as a reporter in a complex compartment such as laticifer cells. 
I.7 Expression of complex heterologous proteins 
As functional proteins are three-dimensional molecules with complex folding characteristics, 
it is crucial to verify if transgenic T. officinale can correctly process all heterologous proteins 
of interest for secretion into the latex. Human antibodies constitute a good candidate as a 
model of expression of complex recombinant proteins in the latex. Human immunoglobulins 
(Ig) are complex molecules composed of two identical light chains (LC, 23 kDa) with a length 
of around 220 amino acids and two identical heavy chains (HC, 50-70 kDa) with a length of 
around 440 amino acids. The light chain, belonging to the kappa or lambda class, consists of 
one variable and one constant region (VL CL). The heavy chain, belonging to the alpha, 
gamma, mu, delta or epsilon class, contains one variable and three (or four) constant regions 
(VH, CH1-CH3/4). 
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Antibody-based therapies (immunotherapies) have been heavily developed over recent years 
(for review see Gomord and Faye, 2004). Antibodies have a wide range of applications in 
health care, depending on the type of antibody employed. They can be used in disease 
diagnostics, passive vaccines and for specific-targeting in chemotherapy. Antibodies are the 
product whose production is likely to undergo the greatest increase in the coming years 
(compared to vaccines or other pharmaceuticals). Hiatt et al. (1989) succeeded with the first 
antibody and antibody fragment expression in transgenic tobacco plants. Since then, many 
approaches have shown the expression of full-size antibodies (During et al., 1990; Ma et al., 
1994; Verch et al., 1998), Fab-fragments (De Neve et al., 1993; De Wilde et al., 1998), scFv-
fragments (Fecker et al., 1996; Fiedler and Conrad, 1995; Owen et al., 1992), diabodies 
(Vaquero et al., 2002) and bi-specific scFv fragments (Fischer et al., 1999a) as well as 
complex proteins (Cramer et al., 1996; Tackaberry et al., 1999).  
Human Immunodeficiency Virus (HIV) is one of the best-described viruses with respect to its 
molecular biology and pathogenesis (Modrow et al., 2003). Sera from individuals infected 
with HIV have been analysed extensively for the presence of neutralising antibodies. Five 
human monoclonal antibodies 4E10 (Stiegler et al., 2001), 1b12 (Burton et al., 1994), F105 
(Posner et al., 1991), 2G12 (Trkola et al., 1996) and 2F5 (Purtscher et al., 1994) have been 
isolated from the serum of inapparent patients and were found to be capable of neutralising a 
broad range of primary B-clade HIV isolates, however high titre are required for this 
protection (Li et al., 1998; Mascola et al., 1997; Parren et al., 1999). Their epitopes include 
regions on gp41 (2F5 and 4E10), the CD4-binding site of gp120 (1b12) and parts of the 
carbohydrate moiety of gp120 (2G12; reviewed in (Calarese et al., 2003). The 2G12 (Trkola 
et al., 1996) is an anti-HIV full-size IgG1/κ antibody and which is capable of neutralising a 
broad range of primary B-clade HIV isolates (Li et al., 1998; Mascola et al., 1997; Parren et 
al., 1999). The 2G12 antibody potentially neutralise the majority of HIV-1 primary isolates in 
vitro and protects macaques against intravenous (Mascola et al., 1999) and mucosal (Baba et 
al., 2000; Mascola et al., 2000) challenge with chimeric simian/human immuno-deficiency 
virus. The 2G12 antibody was successfully established and optimised for heterologous 
expression in tobacco and BY-2 cells (Marcus Sack and Thomas Rademacher personal 
communication) and was chosen to evaluate the performance of T. officinale in expressing 
complex proteins. 
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I.8 Objective and strategy of the study 
I.8.1 Objective of the study 
Transgenic T. officinale plants were generated using Agrobacterium tumefaciens mediated 
transformation, to provide a novel means for the production of foreign gene products in the 
laticiferous system and for recovering the said protein in the latex fraction of the plant. Our 
interest in expressing and purifying recombinant proteins from the latex has prompted us to 
develop a transformation system for T. officinale. Here we report a high frequency plant 
regeneration system and genetic transformation of T. officinale in vitro.  
We have focused on the genes encoding the MLPs as a source of potentially useful promoters 
for the control of transgene expression in T. officinale latex. This study reports the 
identification and characterisation of the MLPs of T. officinale and a detailed sequence 
comparison of the MLPs and of corresponding gene sequences is provided. The MLP 
promoter and signal peptide sequence were isolated and their sequence analysed. The ability 
of the MLP and CaMV 35S promoter to target foreign proteins in the latex of T. officinale 
was evaluated in reporter gene experiments using GUS and DsRed reporter proteins. Finally, 
the possibility of expressing complex recombinant protein in T. officinale was investigated. 
The antibody 2G12 was a good candidate for this study and used for heterologous expression 
in T. officinale. 
I.8.2 Experimental design 
To achieve this goal the routine of plant biotechnology techniques (tissue culture, 
Agrobacterium-mediated transformation, transient transformation, isolation and manipulation 
of nucleic acids, isolation of proteins) were adapted for T. officinale. 
MLPs characterisation was achieved by Edman degradation of the isolated proteins and 
several microscopy techniques were developed to explore the laticifer system of T. officinale. 
MLP specific polyclonal antibodies were generated and used in protein gel blot and in situ to 
demonstrate that MLPs are specifically expressed in the latex. Cloning and characterisation of 
the MLPs corresponding gene, including signal and promoter sequence, was realised through 
several PCR methods. In addition, the 5’ upstream region from the gene encoding the MLP 
was isolated and fused to the uidA (GUS) and DsRed reporter gene. As T. officinale genetic 
engineering was not routinely available, we set up an optimised transformation procedure for 
T. officinale via Agrobacterium tumefaciens to investigate the mechanism of laticifers-specific 
gene expression. Transgenic T. officinale were generated to test the functionality of the MLPs 
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promoter, and to evaluate its potential for expression recombinant protein in the latex in 
reporter gene experiments. Finally, qualitative and quantitative analysis of T. officinale 
derived 2G12 antibodies are reported and discussed in terms of the possibility to realise a 
laticifer-targeting for recombinant biopharmaceutical system in T. officinale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure I.2: Schematic representation of the experimental design. 
 
IDENTIFICATION AND CHARACTERISATION OF MLP  
Cloning  
Transient transformation 
Stable transformation 
Fluorescent DsRed analysis 
Histological GUS staining 
Fluorometric GUS quantification 
MECHANISM OF THE GENE 
REGULATION 
CONSTITUTIVE 2G12 
ANTIBODY EXPRESSION 
DsRed screening 
Dot blot screening 
Western blot  
SRP quantification 
 
T. officinale TRANFORMATION 
Agrobacterium mediated 
transformation 
In vitro culture optimisation 
LATICIFER TARGETTING SYSTEM
MLPs GENE ISOLATION 
Inverse PCR 
RT-PCR 
PCR 
RACE 
Genome walking 
Cloning  
Sequence analysis 
MLPs IMMUNODETECTION  
pET26b+ cloning 
Expression in E. coli 
Ni2+TA purification 
Rabbit immunisation 
Western blot 
In situ localisation 
EDMAN sequencing 
Enzyme assays 
 
MLPs IDENTIFICATION 
AND CHARACTERISATION 
Material and Methods 
 13
II MATERIAL AND METHODS 
II.1 Material 
II.1.1 Organisms 
II.1.1.1 Plant material 
• Nicotiana tabacum L. cv. Petite Havana SR1 was used for transient protein expression 
(II.2.4.2).  
• Taraxacum officinale, Web. was used for stable transformation (II.2.4.3). 
 
II.1.1.2 Bacterial strains  
 
Strain  Reference 
Escherichia coli 
DH5α   
recA1, endA1, hsdR17(rk- mk+), Δ(LacZYA-argF) U169, 
supE44, Ф80d LacZΔM15, thi-1,  gyrA96, relA1 λ, deoR; 
cloning  
Ausubel et al., 1994 
TOP10 F- mcrA Ф(mrr-hsdRMS-mcrBC)Ф80lacZΔM15 ΔlacX74 
recA1 deoR araD139 Δ(ara-leu)7697 galU galK rpsL 
(StrR) endA1 nupG; cloning 
Invitrogen 
E. coli strain 
BL21(λDE3) 
F- ompT hsdSB (rB- mB-) gal dcm (DE3); 
expression of his tagged PPO carboxyl domain  
Novagen 
   
Agrobacterium 
tumefaciens 
GV3101 pMP90 
RK Gmr, Kmr, Rifr 
Gene transfer in T. officinale  
Koncz and Schell, 
1986 
 
II.1.2 Nucleic acids 
II.1.2.1 Vectors 
• TOPO Cloning TA vector pCR®2.1TOPO® (Invitrogen): 3931 bp, pUC based cloning 
vector, LacZα, T7 promoter, bla, nptII. 
• pGEM®-T (Promega): 3003 bp, pUC based cloning vector, T7 promoter, lacZ, bla. 
• pRT104-GUS: contains the 35S-GUS expression cassette.  
• pET26b+ (Novagen): bacterial expression vector. The expression of target genes is under 
the control of the T7 promoter. Recombinant proteins can be directed into the periplasm 
through the pelB leader peptide. 
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• TRAkt-rfp (Thomas Rademacher, Institut für Biology VII, RWTH Aachen, Germany): 
optimized plant expression vector containing the 35S promoter and the pA35S untranslated 
region from CaMV. Contains expression cassette for DsRed (Jach et al., 2001) for 
construction of reporter gene cassettes. 
• pTRAk-2G12-Ds: this vector was used for the expression of the human anti-HIV 
antibodies 2G12 in T. officinale. Each sequence was subcloned into an expression cassette 
consisting of the double enhanced CaMV-35S promoter, the TEV 5’-untranslated region and 
the CaMV-35S transcriptional terminator. For co-expression of the heavy and light-chain both 
cassettes were inserted in tandem (head-to-tail) into pTRAk. The expression units were 
separated by SARs of the tobacco RB7 gene (GenBank: U67919).  
II.1.2.2 Primers 
Oligonucleotides used for sequence analysis and amplification of DNA are listed below. All 
oligonucleotides were synthesized by Metabion International AG (Martinsried, Germany). 
Primers used for PCR amplification of the latex ppo gene. 
Name Sequence (5’->3’) Orientation 
ppo gene   
LZ45 TGG TGI AIG GRG GIC AAC AAT C (-) 
LZ50 CAA MCA MCC TMC GTG TCC GGC C (+) 
LZ55 CAT CAT GCG ATT GTC GAT AGA ATG (+) 
LZ56  CCA CCT GCT GGA ATG TCG GC (-) 
LZ60 GCA AAG GGT ATG AGT TCA TCG (+) 
LZ62  AAG ATG TTT TTC CGG CGA GTC T  (-) 
LZ73 CAA TCC TCA TAC TCG ATT TTG ATC (-) 
LZ74XhoI AAA CTC GAG ATA TGG CAT CCC TTG CAC CAT C (+) 
LZ75NcoI AAA CCA TGG CGA TCG GAT CTG CAA AGG CCA G (-) 
ppo promoter   
LZ100AscI AAA GGC GCG CCT TGT TAA ATT AGT AAA TGA TG (+) 
LZ101AscI AAA GGC GCG CCC CCC TCT CCA TAA TAT CAT TA (+) 
LZ102NcoI AAA CCA TGG CCC ATA TTT AGT CTT GGT TTG AAT G (-) 
Walker genome   
PPOGSP1 ATA TCA TGG TGG TGG TCA TCT GCA C (-) 
PPOGSP2 GTG GTT TTT GGG AGT TGG TAG CGG TAC (-) 
PTG1-5’GSP1 GGT AGA GAC GTT AGT ATT CGA TCA TTA (-) 
PTG1-5’GSP2 TGT GTT ATT AAG TTG TCT AAG CGT CAA (-) 
PTG1-3’GSP1 CTA TTG GGC GGG TGG AGG GGG TGC AGA (+) 
PTG1-3’GSP2 TCC CGC CTT CAG TTT AAA CTA TCA GTG (+) 
RACE   
3’RACE-GSP AAA GAT GTT TTT CCG GCG AGT CT (+) 
5’RACE-GSP1 CAT GGC GAT GGT TGA GGG TTT TTG GTG (-) 
Cterm expression   
5CtermBamHI AGA GGA TCC AAA GTC TAG GAG AAA GGC AGT GG (+) 
3CtermXhoI AAA ACT CGA GAT CCT CAT ACT CGA TTT TGA TC (-) 
Sequencing primer   
Universe GTT GTA AAA CGA CGG CCA GT (+) or (-) 
Reverse ACA CAG GAA ACA GCT ATG AC (+) or (-) 
Gus reverse CTG CCT GGC ACA GCA ATT GC (-) 
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II.1.3 Antibodies 
Antibody Epitope Characteristics Reference 
Primary antibody    
Mouse-anti-penta-his  
[α-penta His Ab] 
C-terminal his-tag monoclonal Qiagen 
Rabbit-anti PPO Unprocessed and mature PPO polyclonal (Flurkey et 
al., 1985) 
Rabbit-anti PPO-Cterm Cterm and unprocessed PPO   polyclonal This work 
Rabbit anti-DsRed   polyclonal BD sciences  
Rabbit anti β-
glucuronidase 
Rabbit IgG polyclonal Invitrogen 
Goat-anti-human   
[GαHAP (α-IgGγ)] 
γ-chain of human IgG 
(heavy chain) 
polyclonal, conjugated to 
alkaline phosphatase 
Sigma 
Goat-anti-human  
[GαHAP (α-IgG kappa)] 
κ-chain of human IgG  
(light chain) 
polyclonal, conjugated to 
alkaline phosphatase 
Sigma 
Secondary antibody    
Goat-anti mouse  
[GαMAP (α-IgG Fc)]  
Fc of mouse IgG polyclonal, conjugated to 
alkaline phosphatase 
 
Goat anti-rabbit 
[GαRAP (α-IgG Fc)]  
Fc of rabbit IgG polyclonal, conjugated to 
alkaline phosphatase 
Promega 
Goat anti-rabbit Alexa 
Fluor® 594 
Fc of rabbit IgG  Molecular 
Probes 
Goat anti-rabbit 
[GαR (α-IgG Fc)]  
Fc of rabbit IgG conjugated to 10-nm gold 
particles 
Molecular 
Probes 
 
II.1.4 Chemicals and consumables 
The chemicals used throughout the work were purchased from the following companies: 
Amersham Bioscience (Freiburg, D), Amicon (Witten), BIACORE (Freiburg, D), Becton 
Dickinson Bioscience (Franklin Lakes, USA), BioRad (München, D), Biozym (Hess. 
Oldendorf, D), Eppendorf (Hamburg, D), Fluka (Neu-Ulm, D), Gibco BRL (Eggenstein, D), 
Greiner (Solingen, D),  Invitrogen (Karlsruhe, D), Kodak (Stuttgart), London Resin Company 
Ltd (UK), Merck (Darmstadt, D), MilliPore (Schwalbach, D), Molecular Probes (Leiden, 
NL), New England Biolabs (Frankfurt, D), Polymun Scientific GmbH (Wien), Qiagen 
(Hilden, D), Roche (Mannheim, D), Roth (Karlsruhe, D), Schleicher&Schuell (Dassel, D), 
Serva (Heidelberg, D), Sigma-Aldrich (Taufkirchen, D), Whatman (Bender & Hobein, 
Bruchsal, D) and Zeiss (Oberkochem). Culture media and additives were purchased from 
Duchefa (Haarlem, NL), Invitrogen, Sigma and Roth. 
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II.1.5 Stock solutions and buffers 
 
Standard media and stock solutions were prepared according to standard procedures (Ausubel 
and R. K. Brent, 1998; Coligan et al., 1998; Sambrook and Russell, 2000) using deionized 
water. Solutions were sterilised by autoclaving (25min/121 C/2bar). Heat-sensitive 
components, such as antibiotics, were prepared as stock solutions, filter-sterilised (0.2 µm) 
and added to the medium/buffer after cooling to 50°C.  
 
 
AP Buffer        100 mM Tris-HCl pH 8.9   
        100 mM NaCl    
        5 mM MgCl2, pH 9.6  
Blotting buffer      25 mM Tris-HCl pH 8.3 
        192 mM Glycine 
        20 % (v/v) Methanol 
Coomassie staining solution      0.25 % (w/v) Coomassie bb. 
        G-250 
        50 % (v/v) Methanol  
        9 % (v/v) Glacial acetic acid 
Coomassie destaining solution    10 % (v/v) Methanol   
        10 % (v/v) Glacial acetic acid 
DNA extraction buffer (CTAB)    3 % (w/v) CTAB 
        1,4 M NaCl 
        0,2 % (v/v) β-Mercaptoethanol 
        20 mM EDTA, pH 8.0 
        100 mM Tris-HCl, pH 8.0 
        1 % (w/v) PVP40 
10x DNA loading buffer      0.1 % (w/v) Bromphenolblue 
        0.1 % (w/v) Xylencyanol 
        in TBE buffer 
Gus-extraction-buffer      50 mM Sodium phosphate buffer 
        10 mM EDTA 
        10 mM β-Mercaptoethanol 
        0.5 % (v/v) Triton X-100 
Gus-stop solution      0,2 M NaCO3 
5x Non-reducing protein loading buffer   62.5 mM Tris-HCl pH 6.8 
        30 % (v/v) Glycerol 
        4 % (w/v) SDS 
        0.05 % (w/v) Bromphenolblue 
Sudan III       0,5 % (w/v) oil red in 2-propanol
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Phosphate buffer 0.1 M     19 % (v/v) of 200 mM NaH2PO4 
        81 % (v/v) 9.9 mM Na2HPO4 
Plant protein extraction buffer    1 x PBS 
        5 mM EDTA  
        5 mM β-Mercaptoethanol 
10x PBS       1.37 M NaCl    
        27 mM KCl  
        81 mM  Na2HPO4 x 12H2O  
        15 mM KH2PO4, pH 7.4 
PBST        1x PBS (pH 7.4) 
        0.05 % (w/v) Tween 20 
5x Reducing protein loading buffer    62.5 mM Tris-HCl (pH 6.8) 
        30 % (v/v) Glycerol  
        4 % (w/v) SDS 
        0.05 % (w/v) Bromphenolblue 
        10 % (v/v) ß-Mercaptoethanol 
5x SDS-PAGE running buffer     125 mM Tris-HCl pH 8,3 
        960 mM Glycine  
        0.5 % (w/v) SDS 
10x TBE electrophoresis buffer     900 mM Tris-base 
        900 mM Boric acid  
        25 mM EDTA, pH 8,3  
X-Gluc staining buffer     100mM NaH2PO4 
        10 mM EDTA 
0.5 mM potassium ferricyanide 
0.5 mM potassium ferrocyanide 
0.1% (v/v) Triton X-100, pH 7.0 
 
 
 
II.1.6 Media and additives 
II.1.6.1 Plant media 
MS medium       0.44 % (w/v) MS salts with vit.  
1 % (w/v) glucose 
0.7 % (w/v) agar; pH 5.8 
 
CIM (callus induction media)    0.44 % (w/v) MS salts with vit.   
1,8 % (w/v) glucose 
        1 mg l-1 BAP in DMSO  
0.2 mg l-1 NAA   
0.8 % (w/v) agar; pH 5.8 
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SIM medium (shoot induction media)   MS salt with Vit. 
1,8 % (w/v) glucose 
         2 mg l-1 Zeatin riboside 
0.02 mg l-1 NAA 
0.02 mg l-1 GA3 
0.8 % (w/v) agar, pH 5.8 
 
RIM medium (root induction media)    MS salt with Vit. 
1 % (w/v) glucose 
0.8 % (w/v) agar; pH 5.8 
 
 
II.1.6.2 Media for bacterial cultivation 
 
Escherichia coli 
LB (pH 7.0)        1.0 % (w/v) NaCl  
Luria Bertani Broth      1.0 % (w/v) Trypton 
        0.5 % (w/v) Yeast extract 
2xTY (pH 7.4)      0.5 % (w/v) NaCl 
        1.6 % (w/v) Peptone 
        1.0 % (w/v) Yeast extract 
Agrobacteria  
 
YEB Media        0.5 % (w/v) Nutrient Broth  
        0.1 % (w/v) Yeast extract  
        0.5 % (w/v) Peptone 
        0.5 % (w/v) Glucose 
        2 mM MgSO4, pH 7,0  
Induction medium      YEB media pH 5,6 
        10 mM MES 
        20 µM Acetosyringone 
2 mM MgSO4 
MMA buffer        0.43 % (w/v) MS-salts 
        10 mM MES pH 5,6  
        2 % (w/v) Glucose 
        20 µM Acetosyringone 
Glycerol stock medium (GSM)    50 % (v/v) Glycerol 
        100 mM MgSO4 
        25 mM Tris (pH 7.4) 
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II.1.6.3 Antibiotics 
 
Antibiotics Final concentration Stock solution 
Escherichia coli  
Ampicillin (Amp) 
Kanamycin (Kan) 
 
 
100 mg l-1 
25 mg l-1 
 
 
100 mg ml-1 H2O 
100 mg ml-1 H2O 
 
   
Agrobacterium tumefaciens 
Rifampicin (Rif) 
Kanamycin (Kan) 
Carbenicillin (Carb) 
 
100 mg l-1 
25 mg l-1 
100 mg l-1 
 
100 mg ml-1 DMSO 
100 mg ml-1 H2O 
100 mg ml-1 EtOH 50% 
 
   
Plants 
Kanamycin (Kan) 
Claforan 
 
50 mg l-1 
250 mg l-1 
 
 
100 mg ml-1 H2O 
200 mg ml-1 H2O 
 
II.1.6.4 X-Gal and IPTG 
X-Gal stock solution: 40 mg ml-1 DMF 
IPTG stock solution: 0,1 M  
For the blue white screening 40µl of X-Gal and IPTG were spread on the surface of the agar 
plate.  
II.1.6.5 Substrate stock solution for the enzymatic assays and GUS reporter protein 
• L-DOPA (L-3,4-Dihydroxyphenelalanine,SIGMA) 20mM  
• AHTA (3-Amino 1H-1,2,4-triazol, Merck): 10mM  
• 4-Hexylresorcinol (Merck): 0.1 mM  
• NaN3: 10mM 
 
• 4-methylumbelliferyl β-D-Glucuronide (4-MUG subtrate): 2mM in Gus extraction buffer  
• 4-methyubelliferone standard (4-MU): stock solution 1 mM in ddH2O 
• 5-bromo-4-chloro-3-indolyl-β-D-glucuronide cyclohexylammonium (X-Gluc): 40mg ml-1 
in dimethylformamide 
II.1.7 Enzymes and reaction kits 
Restriction enzymes either from New England Biolabs (Schwalbach) or GibcoBRL were used 
for DNA digestion. Advantage® 2 Polymerase Mix from BD Biosciences Clontech was used 
for PCR amplification. TaqDNA polymerase produced by the Fraunhofer IME (Aachen, D) 
was used for check-PCR amplification. The following kits were used: 
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QIAquick® gel extraction Kit Qiagen 
QIAprep®  Spin Miniprep Kit Qiagen 
QIAquick®  „PCR-Purification“ Kit Qiagen 
One-Step-RT-PCR Qiagen 
SMART™ RACE cDNA Amplification Kit BD Biosciences Clontech 
Universal GenomeWalkerTM kit BD Biosciences Clontech 
II.1.8 Matrices and membranes 
• HybondTM-C nitrocellulose membrane (0.45μm) from Amersham Life Science and 
Whatman no.1 paper from Whatman (Maidstone, England) were used in immunoblot 
analysis (II.2.1.7).  
• Immobilon-P PVDF membranes (0.45μm) from Millipore were used western blot 
preparation of the MLPs for Edman sequencing (II.2.1.4), PPO activity assays (II.2.1.6) 
and dot blot analysis (II.2.1.8). 
• Ni-NTA agarose resin (Bio-Rad) was used for the purification of recombinant PPO 
carboxyl domain fused to the His6-tag E. coli protein extracts (II.2.3.4). 
II.1.9 Equipment and applications 
• Cameras: MP4 (Polaroid, Cambridge, MA, USA). E.A.S.Y 440K camera (Herolab, 
Wiesloch). 
• Centrifuges: AvantiTM 30, AvantiTM 20 and AvantiTMJ-25 (Beckman, California, USA), 
Biofuge A (Heraeus, Hanau), Sigma 3-10 and Sigma 4-10 (Sigma, St. Louis, Missouri, 
USA), RC5C and RC5B plus (Sorval instruments, Du Pont, Bad Homburg). Rotors: 
F0650, F2402H, JLA 8.1000, JLA 10.500 and JA 25.50 (Beckman), 1140 and 11222 
(Sigma), RLA-300, SS-34 and GS-3 (Du Pont). 
• Cryomicrotome CM3050S (Leica). 
• DNA gel electrophoresis: wide mini and mini cells for DNA agarose electrophoresis and 
power supplies (Bio-Rad). 
• DNA sequencer: Applied Biosystems 3730 DNA Analyzer. 
• Electroporation apparatus: “Gene pulserTM”, “Pulse controller” unit, Extender unit 
(BioRad) and 0.2 cm cuvettes (Bio-Rad). 
• Fluorescence microscope: Olympus BX40. 
• InnovaTM 4340 incubator shaker (New Brunswick Scientific, Nürtingen). 
• Mixer mill: Retsch MM300 (Qiagen). 
• Microplate reader synergy HT (Bio-TEK). 
• PCR Thermocyclers: Primus and Primus 96 plus (MWG-Biotech), PE Biosystems 
GeneAmp PCR Systems 9600. 
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• Photometer: Eppendorf Biophotometer (Eppendorf). 
• Probe sonicator: (Braun Biotech, Melsungen). 
• Protein gel electrophoresis equipment: Mini PROTEAN IITM from BioRad. Gel Air 
Dryer (Bio-Rad). 
• Protein gel transfer equipment: Mini Trans-blot transfer cell from BioRad. 
• UV-Transilluminators: wavelength 302 nm and UVT-20M (Herolab). UV-chamber 
(BioRad). 
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II.2 Methods 
II.2.1 Protein analysis 
II.2.1.1 Plant protein extraction 
Ten µl of latex from T. officinale were collected into pre-cooled protein extraction buffer (90 
μl), after injuring of the stem with a razor blade. Aqueous phase containing the protein was 
separated from the latex particles by centrifugation at 13000 rpm for 10 min and the samples 
were stored at -20°C. 
Transgenic (II.2.4.3) and wild type leaf material was ground to a fine powder using mixer mill 
in liquid nitrogen. The recovered material was weighed and homogenized with protein 
extraction buffer. The ratio of plant material weight to protein extraction buffer volume was 
1:3. After centrifugation for 30 min at 17500 rpm at 4°C, samples were stored at -20°C. 
 
II.2.1.2 SDS-PAGE 
Protein extracts (II.2.1.1) were mixed with protein loading buffer and heated to 100°C for 10 
min to denature the proteins. Proteins were separated by sodium dodecylsulphate 
polyacrylamide gel electrophoresis (SDS-PAGE; stacking gel: T= 4 %, C= 2.6 %, pH 6.8; 
separating gel: T= 10-12 %, C= 2.6 %, pH 8.8) in electrophoresis buffer, with a constant 
voltage of 20V/cm. Proteins were visualised by staining with 0.25 % (w/v) Coomassie 
brilliant blue or transferred to Immobilon-P PVDF membrane for Edman sequencing or 
nitrocellulose membrane for western blot.  
 
II.2.1.3 Protein quantification 
The estimation of the concentration of isolated PPO carboxyl domain was determined by 
SDS-PAGE and Coomassie staining (II.2.1.2) by comparing the bands with known 
concentrations of loaded bovine serum albumin (BSA) as standard. 
Bradford reagent Roti®-Quant (Roth) was used to determine the concentration of total soluble 
protein (Bradford, 1976) for the GUS fluorescent activity assay (II.2.5.4). Standard protein 
solutions were prepared ranging from 500 ng to 5 μg using bovine serum albumin (BSA) to 
determine the standard curve. Then, 1 µl, 5 μl and 10 μl samples of protein extract were 
diluted in distilled water to make a final volume of 10 μl. To this, 200 μl of 1/5 diluted 
Bradford reagent Roti®-Quant were added. Prior to reading absorbance at 595 nm, the 
spectrophotometer was blanked with 1/5 diluted Bradford reagent alone. Protein concentration 
was then calculated by comparing the OD595nm of each sample with the OD595nm of the 
standard protein (BSA) curve. 
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II.2.1.4 Edman degradation 
For Edman sequencing, the latex proteins were separated on 12 % SDS-PAGE (II.2.1.2) and 
blotted on Immobilon-P PVDF membrane. The Transfer was carried out using a Mini Trans-
blot apparatus (Bio-Rad) at 250 mA for 75 min in a Borat buffer. The membrane was stained 
with sulforodamin B stain (Sigma). The blotted 66, 60, 37, 18 kDa proteins from the latex 
were analysed by TopLab (Martinsried, D) based on N-terminal sequencing using an ABI 
Procise 491 Protein Sequencer.  
 
II.2.1.5 Protein sequence analysis 
Homology analysis were performed using the advanced BLAST program to search the non-
redundant peptide sequence database on the National Center for Biotechnology Information 
(NCBI) BLASTP E-mail server (http://www.ncbi.nih.gov/BLAST) and the MaxHom multiple 
sequence alignment program (Emanuelsson et al., ; Sander and Schneider, 1991). Molecular 
mass and potential glycosylation sites were determined using Protein Identification and 
Analysis Tools on the ExPASy server (http://www.expasy.org/). Chloroplast transit and 
thylakoid lumen targeting signals were analysed using ChloroP (Jensen, 1962; Johnson et al.), 
and Predotar (http://urgi.infobiogen.fr/predotar/predotar.html).  
 
II.2.1.6 Plant specimen processing for microscopy staining and PPO activity assays  
For in blot PPO activity assays, the latex was collected in Tris-HCl (50 mM, pH 6.8) buffer 
(II.2.1.1). Proteins were separated on 12% (w/v) SDS-PAGE under reducing conditions 
(II.2.1.2) and blotted on nitrocellulose membrane (II.2.1.7) for detection of polyphenol 
oxidase activity.  
For in situ PPO assays, semi-thin sections of T. officinale petiole were cut with a razor blade. 
The PPO activity was then revealed by incubating the membrane or the sections in 5 mM L-
DOPA solution. Several inhibitors, 4-hexylresorcinol (0.1 mM), NaN3 (10 mM), AHTA (3-
Amino-1H-1,2,4-Triazol, 10 mM) were added to the reaction solutions to determine their 
effect on the PPO activity. 
Development and organisation of the laticifers in T. officinale plant tissues was observed by 
staining the latex with Sudan III (Sambrook and Russell, 2000). Semi-thin sections 
(longitudinal and transverse) of petiole, leaf and root were cut with a razor blade. Fresh 
solution of Sudan III colorant was prepared by mixing 60 ml of stock solution (II.1.5) with 40 
ml distilled water. Sections were incubated in the filtered Sudan III solution for 15 to 30 
minutes. Sections were then washed with 2-propanol (60% v/v) and distilled water.  
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II.2.1.7 Westernblot 
SDS-PAGE separated proteins (II.2.1.2) were electro-transferred to nitrocellulose membranes 
(Amersham Bioscienes). Transfer was carried out at 4°C at 100V for 90 min in 15 % (v/v) 
methanol, 192 mM Glycine and 25 mM Tris-HCl at pH 8.3. For immuno detection, 
membranes were blocked for 30min at RT with 5 % (w/v) skimmed milk dissolved in PBS. 
Immuno detection was carried out by incubating the membrane with the appropriate antisera 
diluted in PBST for 1h at room temperature or over night at 4°C. After two washings in 
PBST, the membranes were incubated with the secondary antibody diluted in PBST for 1h at 
room temperature. Visualisation was accomplished using NBT/BCIP tablets (Roche) 
following manufacturer’s instructions. 
II.2.1.8 Dot blot analysis 
Two µl of leave or latex protein extract (II.2.1.1) from transgenic T. officinale (II.2.4.3) 
expressing 2G12 antibodies were dotted onto Immobilon-P PVDF membrane. Ten ng of 
CHO2G12 IgG1/κ–anti-HIV (Polymun Scientific GmbH, Wien) antibody were used as positive 
control. Protein extract from non transgenic T. officinale were used as negative control. 
Bound antibody 2G12 light chain (LC) and heavy chain (HC) were detected by polyclonal 
goat-anti-human AP conjugated antibodies ([GαHAP (α-IgG kappa)] and [GαHAP (α-IgGγ)] 
respectively, 1 h, RT, 1:5000 diluted; Sigma). Visualisation was accomplished using 
NBT/BCIP tablets (Roche) following manufacturer’s instructions. 
 
II.2.1.9 Surface plasmon resonance (SRP) analysis 
Detection and quantification of the 2G12 antibody in total protein extract from the leaves or 
the latex of selected T. officinale was performed using BIACORE® 2000. For antibody-
capturing, 100 µg ml-1 Protein-A was immobilized on a CM5-rg sensorchip following the 
standard EDC/NHS protocol [Biacore; (Sambrook and Russell, 2000)]. After immobilisation 
the surface was conditioned with three 15 second pulses of 100 mM HCl. The fraction of 
active binding sites was determined by capturing about 1000 RU CHO2G12 or 2G12. The 
assay was performed at 25°C using a flowrate of 30 µl/min. The surface was regenerated by a 
15 second injection of 30 mM HCl. The data were analysed using the BIAevaluation (3.0) 
software. 
 
II.2.1.10 Mass spectrometry 
MS-MS fingerprinting was performed to identify the expressed proteins (II.2.3.4). 
Measurements were performed at the bioanalytic department (Fraunhofer IME, Aachen). 
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II.2.2 Nucleic acid technologies 
All procedures for nucleic acid manipulation were done according to standard methods 
(Kapila et al., 1997) unless otherwise described. 
 
II.2.2.1 Isolation of genomic DNA from T. officinale 
Genomic DNA was extracted from 4 g young leaves of T. officinale. The tissue was ground in 
liquid nitrogen and incubated 30 min at 65°C in 24 ml of pre-heated CTAB buffer. DNA was 
extracted once with an equal volume of Phenol:Chlorophorm:Isoamyl-alcohol. The phases 
were then separated by centrifugation at 4000g for 5 mins. The aqueous phase was recovered 
and RNA digestion was carried out for 15 min at 37°C by adding Rnase (DNAse-free) to a 
final concentration of 20µg ml-1. Phenol:Chlorophorm:Isoamyl-alcohol extraction and 
centrifugation were repeated until the interphase was clear. A last extraction was performed 
with an equal volume of chlorophorm and the aqueous phase was recovered after 
centrifugation at 4000g for 5 mins. The DNA was precipitated by adding 1/10 vol. NaOAc 
(0,3 M stock solution, pH 5.2) and 0,6 vol. isopropanol at room temperature for 15 min. The 
DNA was pelleted by centrifugation. After washing of the pellet with 75% (v/v) ethanol, the 
DNA was resuspended in deionized water. 
 
II.2.2.2 DNA quantification  
The DNA concentration was evaluated by optical density (1 OD260nm unit = 50 μg ml-1 of 
double stranded DNA) according to (Jefferson et al., 1987b). The DNA purity was controlled 
by the OD260nm/OD280nm ratio of the measured optical density. 
 
II.2.2.3 Agarose gel electrophoresis of DNA 
Plasmid DNA, genomic DNA, PCR-products or restriction fragments were separated in 0.8-
1.2 % (w/v) agarose gels prepared with TBE buffer containing 0.1 μg ml-1 of ethidium 
bromide. Known amounts of DNA molecular markers such as 1 Kb ladder (GibcoBRL), 100 
bp ladder (New England Biolabs) were used for evaluation of DNA concentration and size. 
The DNA samples were loaded after the addition of DNA loading buffer. The visualization of 
the DNA bands and documentation of the gels was performed using a UV transilluminator at 
302 nm and a black and white E.A.S.Y 429K camera (Herolab). 
 
II.2.2.4 Isolation of ppo gene fragments by inverse PCR 
For the Inverse Polymerase Chain Reaction (IPCR), 1µg of T. officinale genomic DNA 
(II.2.2.1) was digested with different restriction enzymes at 37°C for 2 h. Following 
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Phenol:Chloroform:Isoamylalcohol extraction and isopropanol precipitation, the digested 
DNA was self-ligated at a concentration of 0.3-0.5 µg ml-1 in the presence of 3U ml-1 T4 
DNA ligase (Promega), overnight at 15°C. The ligation mixture was extracted with 
Phenol:Chloroform:Isoamylalcohol, precipitated with isopropanol, and resuspended in water 
to a concentration of 20 ng µl-1. The IPCR reactions were prepared using 200 ng of 
recircularized genomic DNA in a final volume of 50 µl containing 50 mM MgCl2, 0,25 mM 
of each dNTP, 10 pmol of each primer and 1 unit of Taq DNA polymerase. Genomic DNA of 
T. officinale without enzyme digestion was used as a control template for IPCR. PCR was 
initiated by a denaturation step at 94°C for 15 min followed by 36 cycles of 30 sec 
denaturation at 94°C, 30 sec primer annealing at 50-60°C  3 min extension at 72°C, with a 
final extension step at 72°C for 10 min. IPCR fragments HaeIII  (primers LZ50/LZ45), NcoI 
(primers LZ60/LZ62), and HindIII (primers LZ55/LZ56), were cloned into the pGEM-T 
vector (Promega, II.1.2.1) and transferred into E. coli DH5α (II.1.1.2) for sequence analysis 
(II.2.2.9).   
II.2.2.5 RT-PCR of ppo cDNA from the latex 
Total RNA from the latex was extracted by collecting the latex in 5 vol. Trizol Reagent 
(Gibco BRL). Following chloroform extraction and isopropanol precipitation, the RNA was 
resuspended in water to a concentration of 2 µg μl-1. Primers LZ74XhoI and LZ73 were used in 
RT-PCR reactions using the OneStep RT-PCR system (Qiagen) following the manufacturer’s 
instructions. Reverse transcription was performed at 50°C for 30 min. PCR was initiated by 
an activation step at 95°C for 15 min followed by 35 cycles of 30 s at 94°C, 30 s at 52°C, and 
1 min 30 s at 72°C. The amplified fragments of the expected size were cloned into the TOPO 
Cloning TA vector pCR®2.1TOPO® (Invitrogen, II.1.2.1) and transferred into E. coli DH5α 
(II.1.1.2) for sequence analysis (II.2.2.9). 
II.2.2.6 Rapid Amplification of the cDNA Ends (RACE) 
The 5’ and 3’-Rapid Amplification of the cDNA Ends was carried out with total RNA using 
the BD SMART RACE cDNA Amplification System (Clontech). For each 5’ and 3’-RACE, 
the first strand cDNA synthesis was carried using BD PowerScript reverse transcriptase. 
Following the reverse transcription, the first-strand cDNA was used in 5’-RACE PCR and in  
3’-RACE PCR using a reverse Gene Specific Primer (5’RACE-GSP) or a forward Gene 
Specific Primer (3’RACE-GSP) respectively. The polymerase used was Advantage 2 
Polymerase Mix (Clontech). The RACE was performed using PE Biosystems GeneAmp PCR 
Systems 9600 with the following program: 25 cycles of 94°C for 30s, 66°C for 30s, and 72°C 
for 3 mins. The PCR products were cloned into TOPO Cloning TA vector pCR®2.1TOPO® 
(Invitrogen, II.1.2.1) and transferred into E. coli DH5α for sequence analysis (II.2.2.9).  
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II.2.2.7 Isolation of genomic flanking regions  
Flanking regions 5’ of the known ppo sequences and regions 5’ and 3’ of inserted transgenes 
were isolated using the Universal Genome Walker Kit (Clontech) according to the 
manufaturer’s instructions. For each experiment, 4 genomic mini-libraries were constructed 
by digesting T. officinale genomic DNA (II.2.2.1) with four blunt-ended enzymes, DraI, 
EcoRV, MscI, StuI. The genomic fragments were then ligated to specific adapters provided by 
the kit. The mini-libraries were used as DNA templates for the isolation of upstream or 
downstream sequences of the desired gene by PCR using primers AP1 (Adaptor specific 
Primer 1) from the Genome Walker kit and a primer GSP1 (Gene Specific Primer 1) derived 
from a known sequence in the gene. A secondary PCR reaction was performed using 1µl of a 
1:50 dilution of the primary PCR product as template. The primers used were the AP2 
(Adaptor specific Primer 2) and a nested primer GSP2 (Gene Specific Primer 2). The resulting 
fragments were cloned into TOPO Cloning TA vector pCR®2.1TOPO® (Invitrogen, II.1.2.1) 
for sequence analysis. 
 
II.2.2.8 PCR amplification of gene of interest 
Polymerase Chain Reactions (PCR) were performed to amplify genes of interest from 
genomic DNA (II.2.2.1) for cloning into plant or bacteria expression vectors. DNA 
amplification was carried out in a final volume of 50 μl containing 1x Tth PCR reaction 
buffer (Clontech), 0,44mM Mg (OAc)2, 10 pmol of each primer, 0,25 mM of each dNTP, 2.5 
units of Advantage Polymerase Mix (Clontech) and 100 ng of the genomic DNA. The PCR 
reaction was performed in a PE Biosystems GeneAmp PCR Systems 9600, as follows: one 
denaturation step at 94°C for 3 min; 30 cycles denaturation at 94°C for 30 sec, annealing at 
Tm-5°C for 30 sec, extension at 72°C 1min/kb; followed by a final extension step at 72°C for 
7 min. 
The list of the DNA fragments amplified, primers, specific annealing temperatures and 
corresponding expression cassettes are listed in the following table. 
 
Insert primers Tm Expression cassette 
ppo transit peptide LZ74XhoI-LZ75NcoI 58°C P35S:TPppo:GUS or  P35S:TPppo:DsRed 
ppo promoter-transit peptide LZ100AscI-LZ75NcoI 60°C Pppo:TP:GUS or Pppo:TP:DsRed 
ppo promoter LZ100 AscI-LZ102 NcoI 62°C Pppo:GUS or Pppo:DsRed 
ppo carboxyl domain 5CtermBamHI-3CtermXhoI 52°C PT7:Cterm:His6 
II.2.2.9 DNA sequence analysis 
DNA sequences were determined by the IME DNA Analysis core facility using an Applied 
Biosystems (Weiterstadt, Germany) Abi Prism 3730 sequencer using BigDye®-terminator 
v3.1 chemistry. Premixed reagents were from Applied Biosystems.  
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Sequence analyses were carried out with the Wisconsin Package v10.2 (Genetics Computer 
Group, Madison, WI). BLAST sequence comparisons were carried out with the GenBank 
sequence databases (http://www.ncbi.nih.gov/BLAST). The ppo promoter sequence and 5’UT 
were sanned for the presence of cis-elements identical with or similar to the motifs registered 
in the plant cis-acting regulatory elements database PLACE 
(http://www.dna.affrc.go.jp/htdocs/PLACE/signalscan.html).  
 
II.2.2.10 Restriction digest of DNA 
Restriction endonucleases, appropriate buffers and BSA solution were obtained from NEB 
(Schwalbach). Restriction digests of DNA were performed according to the manufacturers’ 
instructions.  
II.2.2.11 Dephosphorylation 
Dephosphorylation of restricted vector-DNA was done with CIP (Calf Intestine Phosphatase, 
NEB) according to the manufacturer’s protocol. 
 
II.2.2.12 Ligation of DNA 
Restriction enzyme digested DNA was ligated using 80U T4 DNA-Ligase or 1 µl Quick T4 
DNA-Ligase (NEB) in buffer systems recommended in the manufacturers’ protocol in a final 
volume of 20 µl. Sticky-end ligations were carried out at 22 °C for 30 min. Ligation product 
was used for transformation of E. coli (II.1.1.2).  
 
II.2.2.13 Isolation of plasmid DNA from E.coli 
Plasmid DNA was purified using QIAprep® Spin Miniprep Kit according to the 
manufacturer’s instructions. Quality and yield of plasmid DNA was examined by 
spectrophotometric analysis (II.2.2.2) and agarose gel electrophoresis (II.2.2.3). Isolated 
plasmid DNA was stored at -20°C. 
 
II.2.2.14 Preparative agarose gel electrophoresis 
Preparative gel electrophoresis was used for large scale purification of a particular DNA 
fragment from a mixture of DNA fragments after restriction enzyme digestion. The DNA 
fragment of interest was excised from the gel on an UV transilluminator with a sterile scalpel. 
The DNA extraction was performed with QIAquick® gel extraction kit according to the 
manufacturer’s instructions. The concentration of recovered DNA was measured by 
spectrophotometer or determined by agarose gel electrophoresis.  
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II.2.3 Bacterial genetic manipulation 
II.2.3.1 Preparation of electrocompetent E. coli cells 
Growth of E. coli was performed 5 ml of LB medium was inoculated using one single colony 
of E. coli strain DH5α (II.1.10), under vigorous agitation overnight at 37°C. The culture was 
used to inoculate 500 ml of LB medium at 37°C until the culture reached an OD600nm of 0.6-
0.7. The culture was kept on ice for 20-25 min. After centrifugation (4000 rpm at 4°C for 20 
min), the bacterial pellet was re-suspended in 400 ml ice-cold water. The centrifugation step 
was repeated, and the bacterial pellet was first re-suspended in 200 ml ice-cold sterile distilled 
water, then in 200 ml 10% (v/v) ice-cold glycerol and finally in 1 ml of 10% (v/v) ice-cold 
glycerol. Aliquots of competent cells (40μl) were stored at -80°C. 
 
II.2.3.2 Transformation of E. coli by electroporation 
Plasmids (50-200 ng, II.2.2.13) were used for the transformation of freshly thawed electro-
competent cells (II.2.3.1). The mixture was transferred to the bottom of a prechilled (0.2cm) 
cuvette. The electroporation was performed using a BioRad Gene Pulser II® under the 
following conditions: capacitance 25 μF, the pulse controller set to 200 Ω and the potential 
difference set to 2.50 kV. After application of the pulse, 0.8-1 ml of SOC medium was added 
and the cells were incubated at 37°C with shaking for 1 h for regeneration of the cells. 
Finally, 50-100 μl of each transformation were plated onto pre-warmed selective LB-agar 
plates and incubated at 37°C o/n. 
 
II.2.3.3 Culturing of E. coli and glycerol stock preparation 
Single colonies were examined for plasmid integration by PCR. Selected clones were grown 
in LB medium supplemented with the appropriate antibiotics (II.1.6.3) o/n at 37oC under 
vigorous agitation. Bacteria glycerol stocks were prepared by mixing 600 μl of a fresh 
overnight culture with 600 μl of 40% sterile glycerol and stored at -80°C. 
 
II.2.3.4 Expression and purification of the PPO carboxyl domain 
The sequence corresponding to the PPO carboxyl domain (PPO-Cterm) was amplified from 
genomic DNA by PCR using forward primer 5CtermBamHI and reverse primer 3CtermXhoI as an 
BamHI-XhoI fragment and inserted into pET26b+ (Novagen) as a 6 X His tagged fusion for 
expression. After sequencing, the plasmid was transformed into E. coli strain BL21 (λDE3) 
RIL (Stratagene). The culture was grown at 37°C to the mid logarithmic phase, in LB medium 
(II.1.6.2) supplemented with 50µg ml-1 kanamycin. Protein expression was induced by adding 
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IPTG to 0.5 mM and the culture was further incubated over night at 18°C. The cells were 
harvested by centrifugation at 7000 x g for 20 min and resuspended in lysis buffer (NaH2PO4 
50 mM, NaCl 300 mM, imidazol 10 mM, pH 8.0). Disruption of the cells was performed by 
adding lysosyme to 150 µg ml-1 and sonication on ice. Cellular debris was removed by 
centrifugation. The expressed PPO-Cterm was purified by Immobilized-metal affinity 
chromatography (IMAC) using a standard protocol (The expressionist, Qiagen 07/97). The 
purified proteins were analysed by SDS-PAGE (II.2.1.1) and western blot (II.2.1.7) using an 
anti Mouse-anti-penta-his antibody and the concentration of isolated PPO-Cterm proteins was 
estimated by SDS-PAGE (II.2.1.3). 
II.2.3.5 Polyclonal antibody production  
Elution fraction (II.2.3.4) containing the purified PPO Carboxyl domain were lyophilized and 
used for production of rabbit immune sera at Eurogentec (Liège) following their standard 
immunisation protocol. Approximately 100 μg of protein was used for immunisation and 
boosting of a rabbit. The evaluation of rabbit polyclonal antisera was carried out by western 
blot (II.2.1.7). 
 
II.2.4 Plant genetic manipulation 
II.2.4.1 Transformation of Agrobacterium by electroporation 
Plasmid DNA (0.2-1.0 μg) was added to thawed aliquot of electrocompetent Agrobacterium 
cells (II.1.1.2). After incubation on ice for 3 min, the cell/DNA mixture was transferred into a 
prechilled electroporation cuvette (0.2 cm) and assembled into a safety chamber. An electric 
pulse (25 μF, 2.5 kV, 200 Ω) was applied. Regeneration of the cells was performed by 
incubation in 1 ml YEB medium (II.1.6.2) at 28°C with shaking (250 rpm) for 1 h. One to ten 
μl of culture were plated on YEB-Rif25-Km25-Carb50 agar and incubated at 28°C for 2-3 days. 
Single colonies were examined for plasmid integration by PCR. The selected positive colonies 
were inoculated into 10 ml of YEB-Rif25-Km25-Carb50 medium and cultivated (48-
72h/250rpm/28 C). The culture was transferred to falcon tubes and Agrobacteria cells were 
pelleted by centrifugation (10min/4000g/15°C). The cells were resuspended in a 1:1 volume 
of YEB-Rif25-Km25-Carb50 medium and glycerol stock media. Aliquots of suspension culture 
(100µl) were stored at –80 C for further experiments. 
II.2.4.2 Transient gene expression 
The preparation and vacuum infiltration of tobacco and T. officinale leaves with recombinant 
A. tumefaciens (II.2.4.1) was performed as described by (Golbeck and Cammarata, 1981). 
Recombinant Agrobacteria (100µl) from glycerol stock (II.2.3.3), carrying a plant expression 
vector (II.1.2.1) were grown in 100 ml YEB selection medium (II.1.6.2). The culture was 
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centrifuged (4000 rpm for 15 min) and the bacterial pellet was re-suspended in 200 ml 
induction medium. After over night induction of the culture, the OD600nm was measured, the 
bacterial suspension was diluted in MMA medium containing 200 μM acetosyringone to 
achieve an OD600nm of 1-1.5. A final induction of the culture was crried out for 2 h at room 
temperature. For each construct, 4 young leaves of N. tabacum and T. officinale were 
immersed in 100 ml of A. tumefaciens suspension. Continuous vacuum was applied 
decreasing the pressure to approximately 60 mbar for 15-20 min. The pressure was then 
released slowly and the leaves were briefly rinsed in tap water. To incubate the infiltrated 
leaves, a plastic tray with moistened Whatman paper no.1 was used where the leaves were 
placed with adaxial side upwards. The plastic tray was sealed with saran wrap to maintain 
humidity and placed at 25°C with a 16 h photoperiod for 2-3 days.  
II.2.4.3 Stable gene expression in T. officinale plants and growing conditions  
Growth of recombinant A. tumefaciens (II.1.1.2) was performed as previously described 
(II.2.4.2). Young leaves and petioles of 4-5 weeks old T. officinale grown on MS medium 
(II.1.6.1) under sterile conditions were cut into 1cm2 pieces and transferred into 50-100 ml 
suspension of Agrobacteria tumefaciens carrying the pTRAk plasmids (II.2.1). After 
incubation at RT for 30 min the plant material was transferred onto sterile wet Whatman 
3MM paper in petri dishes and maintained in the dark for 3 days. Growth and selection of 
kanamycin-resistant calli was performed on solid Calli Induction agar Medium (CIM) 
supplemented with 50 mg l-1 kanamycin and 200 mg l-1 claforan (cefatoxim) at 26 °C for 4-6 
weeks. Calli were transferred and cultivated to Shoot Induction agar Media (SIM) containing 
2mg l-1 zeatine riboside, 0,02mg l-1 NAA and 0,02mg l-1 GA3, supplemented with 50 mg l-1 
kanamycin and 200 mg l-1 claforan for 2-4 weeks. Developed excised shoots were transferred 
to Root Induction agar Media (RIM) supplemented with 50 mg l-1 kanamycin and 200 mg l-1 
claforan. Culture conditions were maintained at 26 ± 2°C under 16-h photoperiod Plantlets 
were transferred to Jiffy after 3-4 weeks and kept a further two weeks in the controlled 
environment to acclimatise at 26°C (16-h photoperiod). The small plantlets were put into soil 
and grown in the green house.  
 
II.2.5 Reporter gene assays  
II.2.5.1 DsRed fluorescence  
The fluorescence of the reporter protein DsRed was visualized during incubation of transient 
infiltrated tobacco leaves with an LCD lamp with glass fibre optic (Leica KL1500), an 
additional excitation filter for green excitation (BP545/30) and a colour foil (No. 182, light 
red).  
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II.2.5.2 Confocal microscopy  
DsRed fluorescence of leaf samples of N. tabacum and T. officinale expressing was observed 
using a Leica TCS SP confocal microscope (Wetzlar, Germany).  
 
II.2.5.3 Histochemical staining for GUS activity  
Histological analyses of β-glucuronidase (GUS) activity in transgenic T. officinale were 
performed essentially as described (Flurkey et al., 1985). For histological analysis, plant 
tissues were incubated in Gus staining buffer containing 40 mM X-Gluc. The enzyme activity 
was stopped after 12 to 18h. Chlorophyll in green tissue was extracted with 100% ethanol. For 
light microscopy analysis of the GUS staining, thin sections of stem and root (50-80-μm) 
were obtained using a Cryomicrotome CM3050S (Leica). Specimen was observed with an 
Olympus BX40 microscope. 
 
 
II.2.5.4 Fluorometric assays for GUS detection 
For fluorometric analysis, total soluble proteins were extracted by grinding 50 mg of plant 
tissue in 500 µl Gus extraction buffer or directly by collecting the latex (8µl) in the same 
buffer (90µl). The samples were centrifuged at 14 000 rpm for 10 min at 4°C, and  the protein 
content in the supernatant was quantified according to the Bradford method (II.2.1.3). Kinetic 
assay was carried out by measuring the increase of the fluorescence of 4-MU generated after 
cleavage of the 4-MUG substrate by the GUS enzyme over time. The protein extract was 
incubated for 1 hour at 37°C with 4-MUG. At ten minutes intervals the reaction was stopped 
by adding sodium carbonate 1M to an aliquot of each sample. The fluorescence intensity of 
the samples was measured (excitation: 365 nm; emission 460 nm) in a 96-well plate using a 
microplate reader synergy HT (Bio-TEK) controlled by the software KC4. A calibration curve 
was generated by measuring the fluorescence of several concentrations of 4-MU standard 
solution. GUS activity was calculated… 
 
                 FI/mina × reaction vol.b 
Activity of extract                = 
(pmol 4-MU/min/mg protein)     FI/pmol 4-MUc × [prot]d × sample vol.e × vol. per testf 
 
a : calculated from the FI versus time of the extract 
b : extraction buffer + sample extract + substrate solution in ml  
c : calculated from FI versus pmol 4-MU (standard curve) 
d : total protein concentration of the extract in mg/ml determined by Bradford  
e : sample extract in ml 
f : volume added to the stop solution for measurement 
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II.2.6 Immunolocalisation studies 
II.2.6.1 Specimen processing for immuno-fluoresecence and electron microscopy 
T. officinale leaves and stem were cut into small squares for leaves with a razor blade and 
fixed overnight in fixative solution [4 % (w/v) formaldehyde, 0.2 % (v/v) glutaraldehyde in 
0.1 M phosphate buffer, pH 7.4] at 4°C. Specimens were then washed five times for 15 min 
with 0.1 M phosphate buffer (pH 7.4) at 4°C. Dehydration was carried out first by immersing 
the specimens in a solution of 50 % (v/v) ethanol at 4°C for 30 min, then passing the 
specimens through an ethanol series [70 % (v/v), 96 % (v/v) and 100 % (v/v), for 30 min 
each] at -20°C. Specimens were then infiltrated in LR White Resin (London Resin Company 
Ltd, UK), containing 0.5 % (w/v) benzoin methyl ether, in a series 1:1, 1:2, 1:3 ethanol:resin 
(v/v), for 1 h each, and 100 % (v/v) resin overnight at -20°C. The specimens were transferred 
to pre-cooled Beem capsules (SPI supplies), filled with freshly made resin and allowed to 
polymerize under UV light at -20°C for 24 h. Then, 100-nm ultra thin sections (for electron 
microscopy) or 1-μm sections (for light microscopy) were obtained using a Leica Ultracut E 
ultramicrotome and collected on Formvar-coated 200 mesh gold grids (Sigma). 
 
II.2.6.2 Immuno-fluorescence microscopy 
Specimens were prepared as described in II.2.6.1, 1-μm sections were prepared and 
transferred onto microscopy slides and subjected to the same treatment as described above 
(II.2.7.2). The antigen-antibody binding reaction was revealed by applying goat anti-rabbit 
Alexa Fluor® 594 (590/617 nm, Molecular Probes) used at a dilution of 1:30 in phosphate 
buffer (0.1 M, pH 7.4). The sections were finally washed first with phosphate buffer (0.1 M, 
pH 7.4) and then with distilled water. An Olympus BX40 fluorescence microscope was used 
for analyses of immunofluorescence. 
 
II.2.6.3 Immunogold labeling 
Grids carrying ultra thin sections were floated on drops of 5 % (w/v) BSA in phosphate buffer 
(0.1 M, pH 7.4) for 15 min at room temperature. The sections were incubated with the PPO 
antiserum (dilution between 1/100) in phosphate buffer (0.1M, pH 7.4) for 2 h at room 
temperature or overnight at 4°C. After washing with 0.1 M phosphate buffer supplemented 
with Tween 20 (0.05 % v/v), sections were incubated with a secondary antibody conjugated to 
10-nm gold particles (Molecular Probes). Secondary antibodies were diluted 1:30 in 
phosphate buffer and incubated at room temperature for 1 h. The grids were then washed with 
phosphate buffer and water, air-dried and stained with an aqueous 2 % (w/v) uranyl acetate 
solution for 10 min. Electron microscopy was carried out on a TEM Philips EM 400 running 
at 80 kV. 
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III RESULTS 
III.1 Identification and characterisation of the Major Latex Proteins 
III.1.1 Identification of the Major Latex Proteins  
Fresh latex from T. officinale was collected after wounding of petioles and leaves of the plant. 
The protein content of the aqueous phase was subsequently analysed by SDS-PAGE 
(II.2.1.2). Staining of the latex with Coomassie Brilliant Blue produced a protein pattern 
consisting of four major bands with apparent molecular weights of 66, 60, 37 and 18 kDa and 
with relatively high protein concentration of about 100 ng per µl latex (Fig. III.1). The 
identification of the Major Latex Proteins, named MLP66, MLP60, MLP37 and MLP18 was 
carried out by determination of their N-terminal amino acid sequence using Edman 
degradation (II.2.1.4). Among the four MLPs only the MLP66, MLP37 and MLP18 could be 
sequenced. Several attempts to sequence the N-terminus of the 60 kDa proteins were not 
successful, presumably because the peptide has a blocked N-terminus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.1: SDS-PAGE analysis of the MLPs and western blot preparation for Edman degradation. 
Proteins from freshly tapped latex of T. officinale were separated by SDS-PAGE and prepared for Edman 
degradation (II.2.1.4). A – Lane 1: SDS-PAGE of the latex proteins stained with Coomassie Brilliant Blue. Lane 
2: pre-stained protein marker (Dual colour; Invitrogen). B – Blotted latex proteins on Immobilon-P PVDF 
membrane and stained with sulforodamin staining solution. C – The bands corresponding to the MLPs (66, 60, 
37, 18 kDa) were excised and their N-terminal sequences were analysed by Edman degradation.  
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The sequence of the most prominent peptide (37kDa) was further analysed after tryptic 
digestion and separation of the fragments by HPLC. N-terminal sequences of the MLPs are in 
shown in Table III.1. 
 
 
Table III.1: N-terminal peptide sequences of the MLPs determined by Edman degradation. 
MLPs N-terminal peptide sequences 
 Peptide 1  Peptide 2  Peptide 3 
66 kDa DPIMAPDLTQ   
60 kDa XXXXXXXXX   
37 kDa DPIMAPDLTQQGPADIPAGGIVTD ALPDDDPR SPLYDTLR 
18 kDa DELIPFAKDV   
 
 
 
Comparison of the peptide sequences to the non-redundant peptide sequence database at the 
National Center for Biotechnology Information1 (http://www.ncbi.nih.gov/BLAST) revealed a 
significant homology of the identified MLP peptides sequences with polyphenol oxidases 
(PPOs) from various sources (appendix 1). Both 66 and 37 kDa proteins had the same N-
terminus, DPIMAPDLTQ, that was similar to other N-terminal PPO sequences. The N-terminal 
sequence of the MLP18, DELIPFAKDV, showed homology to PPO carboxyl domains (PPO-
Cterm). The molecular masses of the MLP37 and MLP66 were in the range of the molecular 
mass of other PPOs purified from several higher-plant species, including spinach (Yu et al., 
1992), broad bean (Joy et al., 1995), tomato (Chevalier et al., 1999), pokeweed (Fujita et al., 
2000), apricot (Chazarra et al., 2001), cabbage (Gandia-Herrero et al., 2004), lettuce (Sullivan 
et al., 2004), beet root (Jensen, 1962) and red clover (Boss et al., 1995), determined as 40-45 
kDa or 60-65 kDa proteins. The first residue of the MLP37 and MLP66 amino acid sequences 
is not a methionine residue but an asparagine, suggesting that the latex PPO is synthesized as 
a precursor protein which is further processed.  
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III.1.2 Development and distribution of the laticifers in T. officinale 
Histological studies were performed to identify and characterise the laticifer system in 
T.officinale. Semi-thin sections of petioles were stained with Sudan III (II.2.1.6), which is 
commonly used to stain the latex of laticiferous plants red. In T. officinale, the laticifers 
appear in the early stages of plant growth, just after seed germination. In 7 day-old seedlings 
(1 cm in length), laticifer cells can only be found in the hypocotyls (Fig. III.2A) but not in 
cotyledons or roots. At this stage, the laticifers are separated by terminal cell walls and 
arranged linearly. With the growth of the seedling, the terminal walls are decomposed and 
long laticifer tubes are formed (Fig. III.2B). Branches connecting the adjacent tubes can be 
found. In mature T. officinale, the laticifers appear in leaves (Fig. III.2C), roots and 
inflorescence petioles. They form complex networks within the vascular bundles outside of 
the phloem area (Fig. III.2D). Our observations indicated that the laticifers in T. officinale 
belong to the articulated and anastomosing type.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.2: Observation of the laticifers and their development in T. officinale under light microscopy. 
Transverse and longitudinal sections of leaf petioles stained with Sudan III (Dry et al., 1992). A: Laticifer cells 
in the shoot of a 7-day-old seedling. Black arrows indicate terminal cell walls. B: The terminal cell walls of 
laticifer cells are degraded and anastomoses exist between neighbouring laticifer tubes. Anastomoses are labelled 
by asterisks. C: Laticifer system in a mature leaf. D: Cross-section of a mature leaf: laticifers are located 
regularly within the vascular bundles outside of the phloem (red arrow indicates one laticifer).  
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III.1.3 Polyphenol oxidase activity assays  
Active PPOs catalyse the oxidation of various metabolites of the cells. PPO is referred as 
catechol oxidase (EC 1.10.3.1) catalysing the conversion of mono- and o-diphenols tο o-
diquinones (ref). The highly reactive quinones autopolymerize and subsequently form brown 
polyphenolic melanins. PPO activity in the latex of T. officinale was detected either in vitro 
after blotting of the latex proteins onto appropriate membranes or in situ using L-DOPA as 
substrate in both cases.  
Freshly tapped T. officinale latex was subjected to SDS-PAGE (II.2.1.2) and electroblotted 
onto nitrocellulose membrane (II.2.1.6). PPO activity assays were performed on the blotted 
proteins by incubating the membrane in the PPO assay solution containing 20 mM L-DOPA. 
Three bands with molecular masses corresponding to the MLP37, MLP60 and MLP66 showed 
PPO activity (Fig. III.3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.3: Detection of PPO activity on blotted latex protein. 
The latex proteins (II.2.1.1) were separated by SDS-PAGE (II.2.1.2) and blotted on nitrocellulose membrane 
(II.2.1.6). PPO activity was revealed by incubating the membrane in L-DOPA substrate (20 mM). Lane 1: 
blotted latex proteins. Lane 2: pre-stained protein marker (Dual colour; Invitrogen). 
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In situ localisation of PPO activity was carried out on semi-thin sections of leaf petioles. 
Semi-thin sections were incubated with L-DOPA (20mM) and the resulting oxidation of the 
plant tissues was observed under light microscopy (II.2.1.6). Similar sections of petiole were 
stained with Sudan III in order to identify the laticifer cells (Fig. III.4A). L-DOPA oxidation 
was revealed by brown colouration located in the cells surrounding the phloem and identified 
as laticifer cells (Fig. III.4B). Oxidation was also localised in the epidermal cells and in the 
xylem. Since other enzymes such as peroxidases or catalases can also trigger browning of 
plant tissue, several specific inhibitors (Table III.2) were tested on the blotted proteins and in 
situ.  
 
Table III.2: Chemical substrates and inhibitors of oxidising enzymes 
 
 
Chemical compound Concentration Effect 
DOPA 5 mM Substrate 
3-amino-1H-1,2,4-triazol (AHTA 10 mM Catalase inhibitor 
Dithiothreitol (DTT) 0,1 mM PPO and catalase inhibitor 
4-hexresorcinol  0,1 mM PPO inhibitor 
NaN3 10 mM Catalase inhibitor 
 
 
 
Treatment of the petiole sections with 3-Amino-1H-1,2,4-triazol (AHTA), a catalase inhibitor 
showed inhibition of the catalase activity in the xylem but had no effect on the PPO activity in 
the laticifers and  epidermis (Fig. III.4C). Accordingly, AHTA, was unable to inhibit the PPO 
activity of the blotted latex proteins. Treatment with DTT, inhibited both catalase and PPO in 
blot (not shown) and in situ (Fig. III.4D). 4-Hexylresorcinol - another specific inhibitor for 
PPO in antibrowning - was able to inhibit activity at low concentration (0.1 mM, data not 
shown). A broad spectrum peroxidase inhibitor, NaN3, was unable to inhibit the latex PPO 
(not shown). The effects of specific inhibitors combined with a specific substrate on enzyme 
activity suggested that the oxidation of the latex was neither due to peroxidase activity nor to 
catalase activity. The in vitro data suggest that PPOs are exclusively responsible for the 
DOPA-oxidizing activity in the laticifers. 
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Figure III.4: Micrograph of the PPO activity detection in situ. 
Cross-section of petioles from mature T. officinale. A - Staining of the laticifers with Sudan III (II.2.1.6). The 
laticifers are located regularly within the vascular bundles outside of the phloem (orange arrows). B - PPO 
localisation with L-DOPA as substrate (II.2.1.6). C - treatment with 3-Amino-1H-1,2,4-triazole (AHTA) which 
inhibits the catalase in the xylem. PPO activity is visible in the laticifers. D - treatment with DTT. Inhibition of 
both catalase and PPO activity. 
III.2 Molecular cloning and expression analysis of the latex ppo 
III.2.1 Isolation of the latex PPO corresponding gene by Inverse PCR   
By taking advantage of the high degree of conservation of PPO sequences in higher plants an 
inverse PCR (IPCR) strategy was used to amplify the ppo gene corresponding to the MLPs 
(II.2.2.4). Based on sequences derived from different conserved PPO domains, sets of 
degenerated primers were designed. Three fragments were generated by PCR on the genomic 
DNA (II.2.2.1) which was cut with HindIII, HaeIII, and NcoI and religated using primer 
combination LZ55-LZ56, LZ50-LZ45 and LZ60-LZ62 respectively. The fragments were 
subsequently cloned into pGEM-T vector (II.2.1.2) for sequence analysis. BLAST sequence 
comparisons with the GenBank sequence databases (II.2.2.9) confirmed the amplified 
fragments to encode a PPO. After alignment of sequences, the full length transcription unit 
was amplified by PCR using primer combination LZ74-LZ73 located at the 5’ and 3’ 
extremities of the ppo coding region, respectively. The amplified fragment contains an ATG 
A B 
C D 
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start codon and a TGA stop codon at position 1794 in the DNA sequence. Since the sequence 
extended only a few base pair downstream of the stop codon, 3’Rapid Amplification of cDNA 
Ends (II.2.2.6) was carried out on total RNA using the forward primer LZ62 located at 
position 1394 in the ppo coding sequence and a poly-dT reverse primer. The 3-untranslated 
region contained seven putative ATAAA polyadenylation signals and a long polyA tail 
located 305 nucleotides downstream from the stop codon. 
The ppo coding sequence (appendix 2) is 2102 bp in length with an uninterrupted open 
reading frame of 1797 bp encoding a deduced protein of 598 amino acids in length, with a 
predicted molecular mass of 67 kDa.  
Comparison of partial MLP amino acid sequence obtained by Edman degradation with the 
protein predicted from the ppo sequence shows 100% identity to the three MLP peptides 
sequenced obtain by Edman degradation (Fig. III.5). This result confirmed that the amplified 
ppo gene represents an authentic MLP clone.  
 
 
 
 
 
 
 
 
 
 
 
Figure III.5: Schematic representation of the latex ppo transcription unit. 
A - Peptide sequences, determined by Edman degradation of the MLPs of T. officinale and MLP37 tryptic 
fragments (II.2.1.4). B - Structure of the transcription unit encoding the latex PPO. Amino acid sequences 
deduced from black parts perfectly match the peptide sequence in A.  
 
 
 
 
III.2.2 Analysis of the deduced amino acid sequence of the ppo transcription unit  
The deduced protein sequence of the latex ppo is presented in figure III.6. The MaxHom 
multiple sequence alignment program (http://cubic.bioc.columbia.edu/predictprotein) revealed 
that the latex PPO amino acid sequence shares high sequence identity with other plant PPOs. 
The highest BLAST similarity among the aligned sequences scores with PPO of apple (Cary 
et al., 1992) with protein sequence identity of 65%. The identity and similarity scores shared 
by the latex PPOs with the PPO from grape berry (Newman et al., 1993), broad bean (Hind et 
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al., 1995), tomato (Newman et al., 1993), potato (Hunt, 1993), and spinach (Robinson and 
Mant, 1997) ranged from 57% to 47%. The latex PPO contains two putative copper-binding 
domains also known as tyrosinase domains, which are the active domains of the PPO protein. 
The copper binding domains reside between positions 202 and 238 (domain A) and between 
positions 333 and 354 (domain B). Additionally, the latex PPO contains a carboxyl extension 
(PPO-Cterm) rich in histidine residues which are found in several but not all PPOs isolated 
from higher plants (Sommer et al., 1994).  
The first residues of the MLP37 and MLP66 were identified by Edman degradation as Asp (D) 
residue. In the mature protein (Fig. III.6) this Asp (D) residue is localised at position 95 and is 
preceded by a long sequence of 94 amino acids, with a predicted molecular mass of 10.5 kDa 
that has the structure of a chloroplast transit peptide (ExPASy server, II.2.1.5). The predicted 
latex PPO transit peptide (TPppo) contains the typical 51-residue N-terminal domain, rich in 
hydroxyl amino acids, required for import into the stroma. It is followed by a lumen-targeting 
domain carrying a twin Arg motif at position 69 and ending in the Ala-X-Ala consensus 
sequence recognized by the thylakoid processing peptidase (Emanuelsson et al., 1999; 
Nielsen et al., 1997; Steffens et al., 1994). Predotar 
(http://urgi.infobiogen.fr/predotar/predotar.html) and ChloroP algorithms 
(http://urgi.infobiogen.fr/predotar/predotar.html) were used to predict the plastidial 
localisation of the latex PPO, the cleavage site of the chloroplast transit peptide and cleavage 
site of the thylakoid lumen targeting signal (Flurkey, 1986; Peltier et al., 2000; Sullivan et al., 
2004). Predotar successfully predicted PPO as a chloroplast targeted protein. The predicted 
first processing site of the TPppo of the latex PPO was located immediately after Ser-51 
residue (ChloroP). The cleavage site following the lumen targeting domain was predicted to 
be localised between Ala-94 and Asp-95 (ChloroP), which is consistent with the N-terminal 
sequences of the processed peptides (MLP37 and MLP66) from the latex (Fig. III.6). The 
predicted molecular mass of the latex PPO after cleavage of the transit peptide is 57 kDa.  
On the latex PPO sequence, the first residue of the 18 kDa MLP obtained from Edman 
degradation is an asparagine residue. This residue is localised at position 458 of the deduced 
amino acid sequence of latex PPO, indicating that the 18 kDa peptide might corresponds to 
the C-term domain of the unprocessed PPO. The sequence encoding the PPO C-term domain 
is 432 bp in length, encoding a 141 amino acid peptide with a predicted mass of 17 kDa. The 
predicted mass of the mature PPO protein after cleavage of the carboxyl domain is 41 kDa. 
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Therefore, comparison of the estimated molecular mass of the three PPOs identified in the 
latex with the predicted molecular mass of the ppo gene translation product, suggested that 
MLP66 would correspond to the unprocessed PPO (57 kDa predicted). The MLP37 would 
correspond to the mature PPO (41 kDa predicted) after cleavage Cterm domain (17 kDa 
predicted) corresponding to the MLP18. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.6: Deduced amino acid sequence of the latex ppo clone.  
The arrows indicate the cleavage site of the transit peptide, thylakoid targeting domain, and carboxyl domain. 
Single underlined amino acid residues correspond to the transit peptide. The thylakoid transfer domain of the 
transit peptide is shaded in green. The hydrophobic amino acids of the thylakoid transfer domain and the pre-
cleavage site are shown in bold letters. The twin arginine motif is in italic letters. Copper binding domains A and 
B of the active PPO domain are shaded in blue. PPO-Cterm domain is underlines in dotted points. Double 
underlined amino acid residues correspond to the sequences obtained from N-terminal sequencing of the MLPs. 
1-   MASLAPSPTT TLTPTGGRSF SSSSNYSFSF SFNSTQVPTP KTLNHRHAVT  
Region I (n-region) of plant PPO transit peptide 
↓             ↓ 
51-  SCKSADDHHH DIDSGTLDRR NVLLRLGGLY GAAATFGSNS LAFADPIMAP  
                  Twin arginine motif      
 
101- DLTQCGPADI PAGGIVTDCC PPFTTKIQDF KLPPPSNTLR IRPAAHLVDK  
 
 
151- DYIDKFNKAI GLMKALPDDD PRSFKQQAVV HCAYCDGAYV QVGYPGLDLQ  
 
 
201- VHNSWLFFPF HRCYLYFFEK ICGKLINDPT FAIPFWNWDA ADGMTIPDIY  
                 Copper binding domain A 
 
251- TNSKSPLYDT LRDAKHQPPS VVDLDYNGVD ENLSPSEQTS TNLTIMYRQM  
 
 
301- VSSAKTASLF MGSPYRAGDE PNPGGGTLEN IPHGPVHIWT GDRNQPNGEN  
         Copper binding domain B 
 
351- MGNFYSAGKD PIFYAHHANV DRMWPIWKTL GGRRKDFTDS DWLDSSFSFY  
 
 
401- DENAEFVRVK VRDCLDSKKL GYAYEDVKIP WLKTKPRSKY GKSRRKAVGH  
 
       ↓ 
451- KHAVARADEL IPFAKDVFPA SLDKVMIKVL VPRPKKSRSKK QKDEEEEVL  
     Cleavage site of the C-term domain 
 
501- VVEGIEVKRN EFVKFDVFVD DEDDEVRATA DKTEFAGSFV NVPHVHKHEK  
 
 
551- NVTTRLRLGI SELLDDLGAD DDDNVLVTLV PKTEGGEVSI GMIKIEYED* 
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III.2.3 Expression analysis of the ppo gene in the latex 
RT-PCR (II.2.2.5) was used to investigate the expression of the ppo gene in the latex. Total 
RNA was extracted from the latex and used as template in RT-PCR using primers LZ74-LZ73 
previously used to amplify the full length genomic ppo clone (III.2.1). The PCR products 
were subsequently cloned in the TOPO Cloning TA vector (II.1.2.1) for sequencing. Analysis 
of 22 clones revealed the presence of two different sequences - evenly distributed - encoding a 
PPO. Based on these divergences, we have classified the latex ppo genes as ppo1 and ppo2. 
One sequence, referred as ppo1, was 100 % identical to the ppo gene previously amplified by 
inverse PCR (III.2.1). 
To date, only two differences have been noted among the coding regions of the two latex ppo 
sequences. The ppo2 clone contains one additional methionine (ATG) at position 476 of the 
amino acid sequence. The second difference is a base pair exchange (GAA→ GAT) at 
position 522 of the original sequence, resulting in the substitution of a glutamic acid residue 
(E) in ppo1 to an aspartic acid residue (D) in ppo2 (Fig. III.7). The presence of the methionine 
(M) residue was always related to the substitution of the glutamic acid (E) to aspartic acid 
(D). Both sequences could later be confirmed by amplified from the genomic DNA.  
 
 
 
 
   
PPO1    473- K  V  -  I  K  V  L  V  P  R  P  K  K  S  R  S  K  K  Q  K   
PPO2    473- K  V  M  I  K  V  L  V  P  R  P  K  K  S  R  S  K  K  Q  K    
 
                                                         
           
PPO1    514- K  F  D  V  F  V  D  D  E  D  D  E  V  R  A  T  A  D  K  T   
PPO2    515- K  F  D  V  F  V  D  D  D  D  D  E  V  R  A  T  A  D  K  T    
 
 
Figure III.7: Sequence divergences of the two PPO expressed in the latex. 
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III.3 Immuno-detection and analysis of PPO processing in the latex  
III.3.1 Immuno-detection of the mature PPO domains in the latex  
Immuno-detection of the three PPO forms present in the latex of T. officinale was first 
performed by western blot analysis using an anti-PPO antibody (II.2.1.7). As PPO proteins are 
conserved among the plant kingdom, we tested polyclonal antibodies raised against the 45 
kDa PPO from Vicia faba (Vf) leaf (a kind gift from Dr. William H. Flurkey). These 
antibodies react with both 45 and 58 kDa PPO found in broad bean leaves as well as with 
several other plant/fruit PPOs (Sakai et al., 2000). T. officinale latex proteins were separated 
by SDS-PAGE (II.2.1.2) and transferred to nitrocellulose membrane (II.2.1.7). Immuno-
detection was carried out by incubating the membrane with anti-PPOVf antiserum. Goat anti-
rabbit AP conjugated antibodies were used as secondary antibody and the visualization was 
accomplished using NBT/BCIP as substrate. The MLP37 and MLP66 were detected on the blot 
whereas the antiserum did not react with the MLP18 (Fig. III.8), indicating that the mature 
PPO domain is present in both MLP37 and MLP66.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.8: Western blot of the latex protein and immuno-detection of the mature PPO domain with an 
anti-PPOVf  antiserum. 
The latex proteins were separated by SDS-PAGE (II.2.1.2) and blotted on nitrocellulose membrane (II.2.1.7). 
PPO detection was carried out using anti Vicia faba (Vf) PPO antisera (Ross et al., 2004) and AP conjugated 
goat-anti-rabbit antibody as secondary antibody. Visualisation was performed using NBT/BCIP substrate. Lane 
1: blotted latex proteins. The 66 kDa PPO and the 37 kDa PPO were detected. Lane 2: pre-stained protein marker 
(Dual colour; Invitrogen). 
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III.3.2 Overexpression and purification of the PPO-Cterm in E. coli for antibody 
production   
To further confirm that the MLP18 correspond to the PPO-Cterm which is present in the 66 
kDa PPO and not on the 37 kDa PPO form, we generated antibodies against the PPO-Cterm 
domain. A 6 x His-tagged version of the PPO-Cterm was expressed in E. coli to serve as 
antigens for the production of anti-PPO-Cterm antiserum. The sequence corresponding to the 
PPO-Cterm, including 18 residues of the mature PPO, was amplified by PCR using primer 
combination 5’CtermBamHI-3’CtermXhoI and cloned in the BamHI/XhoI restriction site of the 
bacterial expression vector pET26b+ (II.1.2.1), creating a translation fusing of the protein to a 
His tag. (Fig. III.9) 
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.9: Vector map of pET26b+ Cterm. 
pelB coding sequence = signal peptide, leading proteins to the periplasm; His6 = histidine tag coding sequence; 
Cterm = sequence coding the PPO carboxyl domain; lacI = lacI coding sequence; pBR322 = origin of 
replication; Kan = coding sequence for kanamycin resistance. 
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Expression of the recombinant protein in E. coli BL21 (DE3) RIL cells (II.2.3.4) was 
analysed by western blot using rabbit anti-His antibodies for immuno-detection. Purification 
of the expressed PPO-Cterm was first tested from the periplasm. Western blot experiments 
using an anti-His antibody revealed that the expressed proteins were not present in the 
periplasmic fraction but remained in the in the cell debris fraction (data not shown). For 
production of higher amounts of His-tagged PPO C-term, the extraction was finally carried 
out after total lysis of the cells. Recombinant proteins were expressed in a 3 liter culture 
induced with IPTG for 6 h. Affinity purification of the tagged PPO-Cterm was carried out 
under native conditions using Ni-nitrilotriacetic acid resin (II.2.3.4). The purification of the 
PPO-Cterm was confirmed by SDS-PAGE and Coomassie Brilliant Blue. The presence of the 
expressed proteins was checked in each purification fraction by western blot. In the elution 
fractions, two main bands were detected; a band of the expected size 25 kDa, corresponding 
to the PPO-Cterm and a smaller band of 15 kDa. In immuno-blot experiment, both peptides 
were detected using the anti-His antibody (Fig. III.10).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
Figure III.10: SDS-PAGE and western blot analysis of the PPO-Cterm purification via Ni2+NTA column.  
A - Protein purification step through Ni2+-NTA column, analysed by SDS-PAGE and Coomassie Brilliant Blue. 
Eight µl of the different fractions were loaded under denaturing conditions. B - Westernblot analysis of the 
recombinant PPO carboxyl domain. Detection was carried out using mouse-anti-penta-his antibody as primary 
antibody and AP conjugated goat-anti-mouse antibody as secondary antibody. Detection was performed using 
NBT/BCIP substrate. A and B - Lane 1: membrane debris. Lane 2: flow through of non-bound proteins. Lane 3: 
washing fraction. Lane 4-13: elution fraction (250mM imidazole). Lane 14: pre-stained protein marker (Dual 
colour; Invitrogen). 
1  2    3   4    5    6   7   8   9  10  11  12  13 14  1  2   3   4   5   6    7   8   9  10  11  12   13   14  
kDa 
250 
150 
100 
75 
50 
37 
 
25 
20 
15 
A B 
Results 
 47
To prove that the 15 kDa was a degradation product of the 25 kDa expressed C-term protein, 
mass spectrometry analysis of the purified peptides was carried out (II.2.1.10). The 
corresponding protein bands of 15 and 25 kDa were excised from the gel, peptides were 
separately extracted and submitted to tryptic digestion. Four peptides generated from the 25 
kDa protein were identified as part of the expressed PPO-Cterm sequence. Three of the four 
fragments were also generated from the 15 kDa fragment. Mass spectrometry analysis 
confirmed that the 15 kDa fragment resulted from a partial degradation of the 25 kDa 
expressed PPO-Cterm (Fig. III.11). Since both peptides present in the elution fraction were 
part of the PPO-Cterm, no further purification step were necessary and the eluate fractions 
were directly used for immunisation. 
 
 
A 
DPKSRRKAVGHKHAVARADELIPFAKDVFPASLDKVMIKVLVPRPKKSRSKKQKDEEEEVLVVEGIEVKRNEFVK
FDVFVDDDDDEVRATADKTEFAGSFVNVPHVHKHEKNVTTRLRLGISELLDDLGADDDDNVLVTLVPKTEGGEVS
IGMIKIEYEDLEHHHHHH 
 
 
 
B 
 
 
 
Figure III.11: Mass spectrometry identification of the expressed PPO-Cterm tryptic fragment.  
A - Amino acid sequence of the expressed PPO-Cterm. Peptide sequences that were identified by mass 
spectrometry analysis of the 25 and 15 kDa protein fragment are shaded in grey. 
B – Table of the peptide identified by mass spectrometry and present in the 15 kDa and 25 kDa protein 
fragments.  
 
 
The concentration of purified PPO-Cterm in the elution fractions was estimated 
densiometrically by comparison of the protein band intensity with those of determined 
concentrations of BSA (II.2.1.3). Expression and purification were performed with an 
approximate yield of 0,2 mg protein per gram bacterial cell pellet.  
 
Peptides sequence 25 kDa 15 kDa 
ADELIPFAK + - 
FDVFVDDDDDEVR + + 
LGISELLDDLGADDDDNVLVTLVPKTEGGEVSIGMIK + + 
TEGGEVSIGMIK + + 
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III.3.3 Antibody production and immuno-detection of PPO-Cterm domains in the 
latex  
The purified proteins were used for rabbit immunisation (II.2.3.5). The evaluation of rabbit 
polyclonal antisera was carried out by western blot (II.2.1.7). Immuno-detection of the 
expressed PPO-Cterm with the PPO anti-serum produced two bands of 15 and 25 kDa 
corresponding to the expressed and purified PPO-Cterm (not shown).  
The rabbit polyclonal antisera were further tested on the latex protein of T. officinale. Latex 
protein were separated by SDS-PAGE (II.2.1.2) and transferred to nitrocellulose membrane 
(II.2.1.7). Immuno-detection was carried out by incubating the membrane with anti-PPO-
Cterm antiserum. Goat anti-rabbit AP-conjugated antibodies were used as secondary antibody 
and the visualization was accomplished using NBT/BCIP as substrate. In western blot 
experiments (Fig. III.12-3), the rabbit anti-PPO-Cterm reacted specifically with the MLP18 
and MLP66 but did not react with the MLP37 confirming that the PPO-Cterm is present in the 
MLP66 but not in the MLP37. The data supported supported the hypothesis of catalytic 
cleavage of the pre-mature PPO (MLP66) to a mature PPO (MLP37) and a carboxyl domain 
(MLP18) in the latex.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.12: Western blot and immuno-detection of the latex PPO domains. 
The latex proteins were separated by SDS-PAGE (II.2.1.2) and blotted on nitrocellulose membrane (II.2.1.7). 
PPO detection was carried out using PPO antibody as primary antibody and AP conjugated goat-anti-rabbit 
antibody as secondary antibody. Detection was performed using NBT/BCIP substrate. Lane 1: The MLP66 (pre-
mature PPO) and MLP37 (mature PPO) were detected using an anti Vicia faba (Vf) PPO antiserum that was 
raised against the mature PPO from Vf. Lane 3: The MLP66 (pre-mature PPO) and MLP18 (PPO-Cterm) were 
detected using an anti PPO-Cterm antiserum, that was raised against the PPO Cterm expressed in E. coli. Lane 2: 
pre-stained protein marker (Dual colour; Invitrogen). 
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III.3.4 In situ immuno-localisation of the PPO in T. officinale    
 
Polyclonal antibodies raised against the mature PPO and the PPO-Cterm were initially 
evaluated by western blot analysis on the latex proteins from T. officinale (III.3.1). Based on 
these results and the previous observation of distribution of PPO activity in the plant, we 
investigated the subcellular localisation of the latex PPO using both immuno-fluorescence and 
electron microscopy. Small pieces of T. officinale leaves and petioles were fixed and 
embedded in LR White Resin (II.2.6.1) for immuno-fluorescence (II.2.6.2) and electron 
microscopy (II.2.6.3). Figure III.13 shows transversal and cross section of cells exposed to 
PPO antiserum. In immuno-fluorescence experiments, no labelling was detected in the 
laticifers. Instead, labelling was concentrated in spherical structures located in the 
parenchyma cells in the vicinity of the sieve tubes. Using light microscopy these structures 
were identified as inulin crystals. Labelling was absent in all other cellular compartments and 
no significant labelling was observed with the pre-immune serum. Figure III.13.E illustrates 
ultra-thin sections of T. officinale petiole treated with PPO antiserum. Electron micrographs 
of ultra-thin leaf sections did not show specific gold particle labelling in any compartment of 
the cells. A type of plastid-like structures, characteristic of laticifer plastids, which developed 
electron dense inclusions were identified in the cells surrounding the vascular system of the 
leaf. However no specific labelling was detected in these structures.  
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Figure III.13: Immuno-localisation of PPO in T. officinale leaves. 
Small squares of T. officinale leaf and petiole were fixed in 4% (w/v) formaldehyde, 0.2% (w/v) glutaraldehyde 
in 0.1 M phosphate buffer, pH 7.4 (II.2.6.1). Specimen were infiltrated and polymerized in LR White Resin. For 
light microscopy, sections of 1 μm were obtained and subjected to immunolabelling. After incubation with the 
PPO antisera, sections were incubated with goat anti-rabbit Alexa Fluor® 594 used as a secondary antibody 
(II.2.6.2). For electron microscopy, ultra-thin sections of 100-nm were obtained and subjected to immunogold 
labelling. After incubation with the PPO antiserum, sections were subjected to goat anti-rabbit conjugated to 10-
nm gold particles as a secondary antibody (II.2.6.3). A and B - Fluorescence micrographs. Cross section (A) and 
longitudinal section (B) probed with PPO antiserum. C and D - Light micrograph. Cross section and 
longitudinal section are stained with toluidine blue. Inulin crystals are located in the parenchyma cells 
surrounding the phloem area (arrows) E - Electron micrograph. Plastids (LP) with electron dense inclusion. Chl 
= chloroplast; CW = cell wall; La = laticifer; LP = laticifer plastid; PC = parenchyma cells; Phl = phloem; Xy = 
Xylem. 
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III.4 Identification of the regulatory mechanism of the gene expression  
III.4.1  Isolation and sequence analysis of the latex ppo promoter 
The identification of PPO as the major latex protein in T. officinale and its high activity in the 
latex suggested a tissue specific expression of the PPO mRNA. To confirm that the elevated 
level of PPO activity in the laticifers of T. officinale is indeed controlled by a tissue specific 
promoter, putative ppo promoter sequence were amplified from genomic DNA and tested in 
reporter gene assays. The isolation of the 5’ upstream region of the ppo gene was performed 
by adaptor-anchored PCR (“Genome Walking”, II.2.2.7) using forward adaptor-specific 
primers AP1 and AP2. The reverse gene specific primers GSP1 and GSP2 were designed in a 
non-conserved region close to the 5’end of the sequence encoding the TPppo, i.e., 200 bp 
downstream of the start codon. Three PCR products, ranging from 200 bp to 2 kb were 
amplified from the three libraries, DraI, StuI, EcoRV (Fig. III.14). Sequence alignment 
revealed that the three PCR products contained the 200 bp encoding the TPppo and the 
sequences corresponding to the adaptors.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.14: Agarose gel electrophoresis of the PCR amplification of 5’ upstream region of the ppo gene.  
The Genome walking method (II.2.2.7) was used for amplification of the 5’ upstream region of the latex ppo 
gene. Lanes 1 + 9: 1 kb ladder. Lane 2: PCR product generated from DraI genomic library (400 bp). Lane 3: 
PCR product generated from the EcoRV genomic library (2kb). Lane 4: PCR amplification MscI genomic 
library. No PCR products were amplified. Lane 5: PCR product generated from StuI genomic library (800 bp). 
Lane 6: positive control, library constructed from control human genomic DNA. Lane 7: positive control, pre-
constructed human genome library. Lane 8: negative control without DNA template. 
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Sequence alignment revealed that the three fragments showed 100% similarity at the 
nucleotide level. These results indicated that the three fragments originate from the same gene 
and correspond to the 5’ upstream region of the ppo gene possibly containing the promoter. 
The longest PCR product generated from EcoRV library is 1521 bp in length (figure III.15). 
Blast analysis (II.2.2.9) pointed out a putative TATA box, located at -47 in ppo 5’ upstream 
sequence which is identical to the TATA box identified for the PPO2 from pineapple 
(accession number: AY149882). Sequence similarity with the maturase K gene, including 
methionine start codon, was found at the 5’ extremity of the fragment. A single transcription 
start site located 443 bp upstream of the ATG codon was identified by sequence comparison 
with 5’ cDNA Ends amplified using the BD SMART Race cDNA Amplification system 
(II.2.2.6). An open reading frame (ORF) of 81 bp was found in the 5’ untranslated region 
(UT).  
A “pattern matching” approach was used to identify putative cis-acting regulatory elements in 
the latex ppo promoter by searching each query sequence for motifs identical similar to 
previously reported cis-element registered in PLACE (II.2.2.9) database. Numerous putative 
cis-element motifs were identified and were often present in multiple copies in the ppo 
promoter sequence. Table III.3 is a non-exhaustive list of some of these elements, previously 
shown to be involved in cell- and tissue-specific expression or various regulatory processes, 
and which may contribute to the profiles observed in T. officinale.   
Table III.3: Potential cis-acting regulatory element identified in the ppo promoter by silico “pattern matching” 
search against PLACE (http://www.dna.affrc.go.jp/htdocs/PLACE/signalscan.html). 
 
Cis-element Copy nb Expected function AC* Reference 
ARR1AT 5 cytokinin-regulator binding 
element in rice 
S000454 (Gowik et al., 2004)  
(Yanagisawa and Schmidt, 
1999) 
CACTFTPPCA1 10 mesophyll expression S000449 (Yanagisawa, 2000) 
DOFCOREZM 22 carbon metabolism S000265 (Lam and Chua, 1989)  
(Gilmartin et al., 1990) 
GATABOX 13 light regulated, and tissue 
specific expression 
S000039 (Gidoni et al., 1989) 
(Teakle et al., 2002) 
(Reyes et al., 2004) 
(Villain et al., 1996) 
(Le Gourrierec et al., 1999) 
GT1CONSENSUS 5 cell type-specific expression S000198 (Buchel et al., 1999)  
(Zhou, 1999)  
(Rogers et al., 2001)  
(Elmayan and Tepfer, 1995) 
GTGANTG10 7 tissue specific expression S000378 (Plesch et al., 2001) 
ROOTMOTIFTAPOX1 
 
8 expression in root S000098 (Jefferson et al., 1987b) 
TAAAGSTKST1 
 
7 guard cell-specific 
expression 
S000387 (Jensen, 1962) 
*accession number 
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Figure III.15: Sequence alignment and analysis of the ppo 5’ upstream region of the latex ppo gene. 
Fragments were amplified by PCR from the EcoRV, StuI, and DraI libraries. Nucleic acid sequences from each 
library perfectly match. Forward adaptor specific primers at the 3’ extremity of each sequence are shaded in 
yellow. The reverse gene specific primer, located in the sequence encoding the PPO transit peptide, is shaded in 
dark green. TATA box of the ppo promoter from pineapple is shaded in grey. 5’ untranslated region (UTR) is 
single underlined. Putative transcription start of the ppo gene is indicated in red. ATG start codon of the ppo 
transcription unit is shaded in red. Sequence showing similarity with the maturase K gene is double underlined. 
ATG start codon is shaded in yellow.  
ACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGTTGTTCCTTGTTAAATTAGTAAATGATGATGTTGATATATTA
ACCTAAAAGAATCAAATGATCATGTGCCCCCAAAATGGAGTATGTTTAGGTTATTAACCGAAAGAAGCAAATGATTA
TGTTGATACATTTGATTGATTAAACGTTTCATAATTAGTAAGTTAGATATATTGTTTCATAATTAGTAAGTTAGATA
TATTGTCATAACCTGCATTTCCCAATAAAATCAATACATTTAAACTATGATCATTAGGAAGTACATACTATACTATA
CTCCTTCAAGATAAGCAGATATAAAAATCCCTAAATAGCTTTGGAATTTCACCATTTATTTTCTATATAAATGAAAG
GTAGATGATTTTGGGAGTTATCAAATGATACATAGTGCGATACAGTCAAAACCTTGTAGACTTGGTGATGGATGAGC
AGGGTAATAGTACTCTTGAGCTTCGGTTTGGAACATATTGTACGTTGTGTTATCAAGTCGCGGTGTTTTGTGAGGGT
GTCATATATGGAAATTGAGAGAGATTGGAAGTTGTTTTGTAATATGATAGAGTTAAAGAATGGTATCATTATTTTGA
AGGTACTGAGTGATATTTATAATATAGTAAAGATATTATAAAAAGTATTCTTATACATAATGGGTTTAAATAATTGT
AAGGNAAGGAAATAAATTAATGTATTAAGAATTTAAAAAGTGAAATGGGAATGGATGTCGAGACTTCGGGACCCCTG
CCACACAACTCCTTCCACTCGGAGCCCGAGCTAGCCCAGGAACAATATGTCCGAGCCCTCCCTGAATCCTGAGTATA
GCCCGAACCCCCCTCTCCATAATATCATTACACTTAGTCTTATATTAAACAAACAAAAAAATCTTCATATCGGTTTT
GTTTAAATCAATAAAAGCAACACAAAAGGTTGAATGAATTGTCGAAGTTATATAATATATCAAATAAAAGTTGTGAC
ATTTTTTAAATCAAAGTGTATTAAGGTTGAAGTATCTTAAAACTCGAACTTACTTGCCAAAGTTATATAATATAATA
CATAAACATGTAACTTTTTCTAAATTAAAGTGTATTAAGCAGGTTGAAGTGTATTAAAGTGTATTAAGCAGGTTGAA
GTGTATTAAAGTGTATTAAAAGCAACACAAAAGGTTGAATGAATTGTCGAAGTTATATAATATATCAAATAAAAGTT
GTGACATTTTTTAAATCAAAGTGTATTAAGGTTGAAGTATCTTAAAACTCGAACTTACTTGCCAAAGTTATACGGAG
TATAATATAATACATAAACATGTAACTTTTTCTAAATTAAAGTGTATTAAGCAGGTTGAAGTATTTTAAAATTCGAA 
..............:......... ACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT.......... 
CTTATACGTTAATTACAAATTAAAGTATTTTAATATAAGTGATAATTGATCACTCGTTTAGAACTTTTAGTAATTAT 
............................................................................. 
.......................................ACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT.. 
AATACGATAAACATGGGTTAAACTTTATTAGGAAGCTTCTATAAATATATTGCTCTCCACCGTTATTTTAATTACAT 
............................................................................. 
............................................................................. 
TCAAACCAAGACTAAATATGGCATCCCTTGCACCATCTCCAACCACTACCCTCACCCCCAATGGCGGAAGGAGCTTC 
............................................................................. 
............................................................................. 
TCTTCCTCCTCCAACTACTCTTTTTCCTTCTCTTTTAATTCAACTCAAGTTCAACTCAAGTTCCCACACCAAAAACC 
............................................................................. 
............................................................................. 
CTCAACCATCGCCATG EcoRV fragment 
................ StuI  fragment 
................ DraI  fragment 
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III.4.2  Reporter gene assay: strategy 
To study the tissue specificity and to elucidate the regulation of the ppo gene expression in the 
latex in T. officinale, the latex ppo promoter (Pppo) and its signal peptide sequence (TPppo) 
were cloned for reporter gene analysis (Fig III.16). The ppo promoter functionality was 
analysed by fusing the full length promoter (Pppo) independently to two different reporter 
genes, DsRed from Discosoma sp. and GUS (β-D-glucuronidase) in the pTRAk-rfp binary 
vector (II.1.2.1). To study influence of the subcellular localisation on the accumulation of the 
reporter protein, constructs with the PPO transit peptide (TPppo) were also generated. Two 
additional constructs were prepared with the CaMV 35S promoter (P35S) and the native TPppo 
to compare the promoter strength. 
In order to keep the chimeric reporter genes comparable, they were provided with the 
identical polyadenylation signal from CaMV. The differences between the six plasmids are 
the promoter sequence, either CaMV 35S or Pppo, the inserted reporter gene, either GUS or 
DsRed starting at the ATG-start codon in the NcoI site, and the presence or not of the 
thylakoid targeting TPppo, starting at the ATG-start codon in the XhoI site. 
For construction of the pTRAkPppo-DsRed vector, the sequence corresponding to the Pppo 
was amplified by PCR using T. officinale genomic DNA as template and primers 
LZ100AscI/LZ102NcoI. The PCR product was then cloned in the pTRAk-rfp binary vector 
(II.1.2.1) as AscI/NcoI fragment thereby fusing Pppo to DsRed. For construction of the 
pTRAkPppo-TPppo-DsRed, the sequence corresponding to the ppo promoter and transit 
peptide was amplified using primers LZ100AscI/LZ75NcoI, purified and fused to DsRed into the 
AscI/NcoI restriction site of the predigested pTRAk-rfp vector. For construction of 
pTRAkP35S-TPppo-DsRed, the sequence corresponding to the ppo transit peptide was 
amplified using primers LZ74XhoI/LZ75NcoI and fused to DsRed in the XhoI/NcoI restriction 
site of the predigested pTRAk-rfp vector.  
For construction of pTRAkPppo-GUS, pTRAkPppo-TPppo-GUS, pTRAkP35S-TPppo-GUS 
vectors, the DsRed coding sequence was replaced by the GUS coding sequence in the 
pTRAkPppo-DsRed, the pTRAkPppo-TP-DsRed and the pTRAkP35S-TPppo-DsRed construct 
respectively. The GUS sequence (uidA gene) was isolated NcoI/BamHI fragment from the 
vector pRT104 GUS (II.1.2.1). The sequence encoding DsRed was cut as a NcoI/BamHI 
fragment from the three vector mentioned above and replace in the gel purified vectors by the 
GUS gene. 
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Vector name Expression cassette Transgenic lines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.16: Schematic overview of the plant expression vectors. 
Expression cassette: Pppo = ppo promoter (grey boxes); TP = ppo transit peptide (green boxes); P35S = 35S-
promoter with doubled enhancer of the cauliflower mosaic virus (CaMV) 35S gene (yellow boxes), DsRed = red 
fluorescent protein (red boxes); GUS = β-glucuronidase (blue bloxes). pTRAk vector map: LB and RB = left 
and right border of the nopalin-Ti-plasmid pTiT37; Pnos and pAnos = promoter and terminator of the nopaline 
synthase gene; nptII = coding sequence of the neomycin phosphotransferase gene; RK2 ori = origine of 
replication for A. tumefaciens; ColE1 ori = origin of replication for E.coli; SAR = scaffold attachment region; 
pA35S = terminator of the cauliflower mosaic virus (CaMV) 35S gene. 
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III.4.3  Analysis of the PPO transit peptide function in N. tabacum and T. officinale 
The deduced amino acid sequence of the latex ppo indicated that the gene encodes a 67 kDa 
precursor characteristic of the lumen targeted proteins. To further identify the latex PPO as a 
plastidial isoform, we tested the function of the PPO transit peptide (TPppo). N. tabacum and 
T. officinale leaves were infiltrated with Agrobacterium tumefaciens strain GV3101 
(pMP90RK) bearing the pTrak-TPppo-DsRed construct (II.2.4.2).  
Infiltrated leaves from N. tabacum showed a strong fluorescent signal characteristic of DsRed, 
four days post infiltration (Fig. III.17). However, no red fluorescent signal was visible in the 
wild type control. Confocal fluorescent analysis of the leaf samples confirmed the localisation 
of DsRed in the chloroplasts of epidermal and mesophyll cells. A bright red fluorescence was 
localised in subcellular compartments identified as chloroplasts. The fluorescence was 
distributed irregularly over the chloroplasts indicating the possible targeting of the red 
fluorescent protein to the thylakoid lumen. Localisation of DsRed in the chloroplasts of T. 
officinale mesophyll cells ten days post infiltration indicates that Agrobacterium infection of 
T. officinale leaves was not as efficient as in tobacco leaves.  
Subcellular location of DsRed was then studied using immunogold techniques using anti 
DsRed antibodies (II.2.5.1). DsRed was located in the chloroplasts thylakoids, stoma and 
starch grains (Fig. III.18). A non-infiltrated tobacco leaf sample was used as negative control. 
Lack of immunogold labelling on the control sample indicated that localisation of DsRed into 
the chloroplast was accurate.  
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Figure III.17: DsRed expression and localisation in N. tabacum and T. officinale leaves. 
N. tabacum and T. officinale leaves were infiltrated with Agrobacterium tumefaciens (II.2.4.2) harbouring the 
pTRAkP35S-TPppo-DsRed. A – DsRed fluorescence was visualized during incubation of transient infiltrated N. 
tabacum leaves with an LCD lamp with glass fibre optic (Leica KL1500), an additional excitation filter for green 
excitation (BP545/30) and a colour foil (No. 182, light red).  
B and C - Confocal fluorescence images: N. tabacum (B) and T. officinale (C) mesophyll cells transiently 
expressing DsRed, 11 days post infection; picture overlay: red fluorescence of DsRed in orange in visible in the 
chloroplasts, autofluorescence of the chlorophyll in green – Defined structures (red dots) in the chloroplasts are 
stained with DsRed (B).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.18: Immuno-localisation of DsRed in transgenic tobacco leaves. 
Small squares of transgenic tobacco leaves were fixed in 4% (w/v) formaldehyde, 0.2% (w/v) glutaraldehyde in 
0.1 M phosphate buffer, pH 7.4 (II.2.6.1). Specimen were infiltrated and polymerized in LR White Resin. For 
electron microscopy, ultra-thin sections of 100-nm were obtained and subjected to immunogold labelling. After 
incubation with the DsRed antiserum, sections were subjected to goat anti-rabbit conjugated to 10-nm gold 
particles as a secondary antibody (II.2.6.3). A and B - Electron micrographs of transgenic tobacco parenchyma 
cells. Gold particles are localised in the chloroplast and in the starch grains (B). C- non infiltrated leaf used as 
negative control. Chl = chloroplast; SG = starch grains.  
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III.4.4  Genetic transformation and tissue culture of T. officinale 
Transgenic T. officinale plants were used to investigate the mechanism of laticifers-specific 
gene expression in reporter gene experiments. Leaf and petiole explants were inoculated with 
recombinant Agrobacteria (II.2.4.1, II.2.4.3) containing the different vectors described 
previously (III.5.3). Selection of kanamycin-resistant calli was performed on solid Callus 
Induction Medium (CIM) supplemented with kanamycin and claforan (II.1.6.1) at 26 C. 
Callus formation initiated from the edges of the petioles and the midribs of leaves, after 2 
weeks of culture. After three weeks numerous calli developed on CIM media showing that 
BAP at 1 mg l-1 was an effective growth regulator for induction of the callus. However, shoot 
regeneration was rather low on this media (Fig. III.19). To optimize shoot regeneration, calli 
were transferred to Shoot Induction Media (SIM) including zeatin riboside (2 mg l-1). On this 
media, shoots formed and grew more rapidly than on media with BAP. After two to four 
weeks numerous shoots about 1 cm high were excised from the calli and transferred to Root 
Induction Media (RIM) containing the same concentrations of antibiotics as above but no 
growth regulator. After 2 weeks, root formation initiated only from the kanamycin-resistant 
shoots. Plantlets were transferred to Jiffy after 3-4 weeks and kept for a further two weeks in 
the controlled environment to acclimatise. Plants were then potted into soil and grown in the 
green house. For each line, at least 10 plants were generated and analysed for expression and 
localisation of the reporter protein. 
Expression of DsRed could be checked in early stages of the transformation by screening the 
calli and shoots of PD, PTD and STD lines for fluorescence (II.2.5.1). Strong DsRed 
accumulation was visible in the calli and leaves of STD line (Fig. III.19.C). Under the 
microscope DsRed clearly accumulated in the chloroplast of the leaves. After their transfer to 
the green house, all individual STD plants which had been selected for kanamycin resistance 
were also expressing DsRed. For PD and PTD lines DsRed fluorescence was less obvious and 
difficult to detect. DsRed was only visible in the calli of PD and PTD lines but the fluorescent 
intensity was lower than in STD lines. Accumulation of DsRed could never be detected later 
in the shoots or grown plants of PTD or PD lines. Screening of the PTG, PG and STG lines 
for GUS expression was performed on leaf, latex and root samples from grown plants.   
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Figure III.19: Transformation and regeneration of transgenic T. officinale plants. 
Transgenic calli were obtained from leaf tissue incubated with Agrobacterium tumefaciens (II.1.1.2) on CIM (A, 
B and C). Transgenic shoots were grown on SIM (D). After induction of the roots RIM (E), plantlets were 
transferred to Jiffy soil (F). STD calli, shoots, and plantlets (C) were screened for DsRed accumulation. For 
STD3, DsRed accumulation was strong in calli and in the hypocotyls of the young STD3 (F). 
 
 
 
 
Latex production in T. officinale usually initiates in early stages of the plant growth. Latex 
from the STD plant, showing the strongest DsRed expression in all leaf areas and in the latex 
(STD3), was analysed by SDS-PAGE (II.2.1.2) analysis at different stages of the plant growth. 
On day eleven post transfer to soil, the full length PPO (MLP66) was visible in a Coomassie 
stained gel protein (Fig. III.20). However the band corresponding to the mature PPO (MLP37) 
was hardly visible and the carboxyl domain (MLP18) was almost invisible. On day 18, the 
level of mature PPO increased. Accordingly, a faint band corresponding to the carboxyl 
domain also appeared. Accumulation of mature PPO and carboxyl domain increased rapidly 
over the weeks and on day 60, the protein pattern was similar to the one previously for the 
wild type control. Accumulation of an extra band corresponding to DsRed (23 kDa) was not 
detected by Coomassie staining. 
A B C 
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Figure III.20: SDS-PAGE analysis of the latex maturation in STD line.  
Latex proteins isolated from young STD3 plant, expressing TPppo:DsRed cassette under the transcriptional 
control of the 35S promoter were analysed by SDS-PAGE and Coomassie Brilliant Blue (II.2.1.2). Eight 
microliters of the different fractions were loaded under denaturing conditions. Lane 1: Latex proteins isolated 
from STD3, 11 days post transfer to soil. Lane 2: Latex proteins isolated from the same plant 18 days post 
transfer. Lane 3: Latex proteins isolated from the same plant 60 days post transfer. Lane 4: Latex proteins 
isolated from an adult wild type grown under the same conditions. Lane 5: pre-stained protein marker (Dual 
colour; Invitrogen). 
   
 
 
III.5 Analysis of the promoter functionality in transgenic T. officinale 
III.5.1  Histological GUS analysis 
The ppo promoter functionality was studied in stable transgenic T. officinale. To detect GUS 
expression, tissue from ten T0 plants from 2 months old PTG, PG and STG lines was 
incubated in X-Gluc (Jensen, 1962). As negative control, tissues from untransformed T. 
officinale were similarly treated. Histological analysis (II.2.5.3) was performed on leaf, root 
and latex samples of all the plants from each line using X-Gluc as substrate. From 20 plants 
analysed in total (10 PTG + 10 PG) only one plant, PTG1, clearly showed blue coloration after 
incubation in GUS staining solution which was not observed in the negative control plant. In 
PTG1, GUS activity demonstrated that the latex ppo promoter was functional and that GUS 
was expressed in the leaves, latex and roots. In PTG1 leaf, GUS activity was restricted to the 
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vascular system (Fig. III.21). Sections were made of leaf petiole and stained in Sudan III 
(Cary et al., 1992) which stains the latex present in the laticifers red. Similar sections were 
stained in X-Gluc. Examination of petiole cross-sections under a light microscope revealed 
that GUS expression was limited to differentiating tracheary elements and was strong in the 
laticifers surrounding the phloem area (Fig.III.22). GUS activity was detected the leaf of all 
STG plants tested and revealed that GUS expression was ubiquitous at the whole leaf level. 
No GUS activity could be detected in the root of the STG plants. STG6 plant, representative 
the STG line, was selected for further analysis. 
Sieve elements and laticifers can be readily identified in the roots of T. officinale which are a 
rich source of latex (Fig III.23). In cross section of the roots prepared from PTG1, GUS 
activity was very strong in the layer of cells corresponding to the laticifers whereas no blue 
staining was present in the roots of STG plants.  
GUS activity and accumulation was studied in the latex derived from the excised petiole of all 
the PG, PTG, and STG lines. Latex samples were mixed with X-Gluc substrate and incubated 
at 37°C until the apparition of blue colour. As previously observed, GUS expression was only 
detected in the latex sample from PTG1, for which the mixture turned blue after 5 min of 
incubation (Fig. III.24). In all the other latex samples including the negative control, no blue 
coloration was observed after 5 hours of incubation. After over night incubation of the latex at 
37°C the colour of the mixture turned brown. The brown discoloration that forms upon 
excision is a typical indicator of the oxidation (polymerization of phemolics) of exuded latex. 
This observation was made for PTG, PG, STG latex as well as for the negative control. 
However, the blue stained latex from PTG1 never turned brown after this period of time and 
seemed to be unaffected by oxidative reactions (Fig. III.24). The detection of GUS activity in 
the different organs of PTG and STG lines is summarised in Table III.4. 
Since none of the other plants from PTG and PG lines showed GUS expression, the 
integration of the T-DNA was checked by PCR amplification of the expression cassette. 
Genomic DNA was extracted from the plants and amplification of the expression cassette was 
carried out by PCR using a ppo promoter specific primer (LZ101) and a Gus gene specific 
reverse primer. A fragment of the appropriate size was amplified in all plants tested. No 
product was amplified from the control plant. Although no GUS activity could be observed in 
these plants using X-Gluc as substrate, they all contained the expression cassette 
Pppo:TPppo:GUS for PTG plants or Pppo:GUS for PG plants.  
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Figure III.21: Histological GUS activity in PTG1 and STG6 leaves. 
GUS activity in PTG1 and STG6 leaf was revealed by incubating the leaves in X-Gluc substrate solution 
(II.2.5.3). A – GUS activity in PTG1 young leaf: blue staining is limited to the vascular tissue of the leaf. B – 
GUS activity in STG young leaf. GUS activity is ubiquitous and not restricted to any kind of cells.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.22: Micrographs of histological GUS activity in cross and longitudinal sections of PTG1 leaf. 
Cross and longitudinal sections of PTG1 petiole after incubation in X-Gluc substrate solution (II.2.5.3). A – 
Cross sections of PTG1 petiole. GUS activity is located in the vicinity of the phloem. B – Longitudinal section of 
PTG1 petiole. Laticifer is stained in blue. C – Longitudinal section of PTG1 petiole. Blue staining is located in 
plastid like structures. La = laticifer; Pl = plastids; Phl = phloem; Xy = xylem. 
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Figure III.23: Micrographs of histological GUS activity in cross and longitudinal sections of PTG1 root. 
Cross and longitudinal sections of PTG1 root after incubation in X-Gluc substrate solution (II.2.5.3). A – Cross 
section of PTG1 root. GUS activity is located around in the central vein. B – Longitudinal sections of PTG1 root. 
The laticifers along the xylem are stained in blue. C – Longitudinal section of the petiole of T. officinale plant 
stained with Sudan III (Hunt et al., 1993). The laticifers, stained in red along the vascular tissue. La = laticifer; 
Xy = xylem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.24: Detection of GUS activity in the latex fraction of PTG1 and STG6. 
1 and 2 - GUS activity is observed in the latex fraction of PTG1 latex (1) and STG6 latex (2) after incubation of 
the latex in X-Gluc substrate solution (II.2.5.3) for 3 h. Blue staining of the latex from PTG1 reveals GUS 
activity. No blue staining is detected in STG6 latex. Brown coloration of the latex is due to endogenous oxidative 
activity. 
3 and 4 - PTG1 latex (3) and STG6 latex (4) incubated without X-Gluc at 37°C for 16h. No oxidation of PTG1 
latex is visible ofter 16h incubation. Endogenous oxidation of STG6 latex is revealed by a dark brown coloration 
of the latex after 16h.  
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Table III.4: Detection of GUS activity in different organs of PTG and STG lines. 
 
 
 
III.5.2  Fluorometric quantification of GUS activity  
The enzyme kinetics of the GUS protein was analysed in PTG1 and STG6 lines by measuring 
the fluorescence intensity over time. Total proteins were extracted from the leaf, root and 
latex in Gus-extraction buffer (II.2.5.4). Leaf tissues from a non-transformed T. officinale 
plant were used as negative control. Protein concentrations in the extracts were determined 
using the Bradford method. GUS activity was measured after incubating the samples with the 
fluorescent substrate 4-MUG at 37°C. At ten minute intervals, aliquots were collected and the 
fluorescence intensity (FI) was monitored in 96-well-titer plate during 50min. In PTG1, GUS 
activity was much higher in the latex than in the root and in the leaves with a value of 113615 
against 7156 measured in the root and 9 measured in the leaf. In STG6 GUS activity was 
slightly higher in the leaves with a value of 7028 against 2193 measured in the latex (Fig 
III.25).   
To check whether using this method GUS activity could be detected in the PTG and PG lines 
previously tested negative with histological staining (III.5.1), a qualitative analysis of GUS 
activity was performed in leaf and latex samples of 10 PTG and 10 PG plants. Non-transgenic 
T. officinale leaf and latex samples were included as negative control. Fluorescence intensity 
was measured at T=0, T=30 and T=60 minutes after incubation at 37°C. An increase of the 
fluorescence over time was detected in the latex of all PG and PTG line but not in the latex of 
the wild type, indicating that the ppo promoter was expressed in latex of all plants tested. As 
observed for PTG1, GUS activity was higher in the latex than in the leaves of the PTG and PG 
plants.  
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Figure III.25: Fluorometric analysis of GUS expression in PTG1 and STD6 plant tissues. 
Analyses were performed on transgenic lines (II.2.4.3) PTG1 and STG6 carrying the Pppo:TPppo:GUS and 
P35S:TPppo:GUS  expression cassette respectively (III.4.2), on T0 generation. For PTG1 lines, the activity was 
measured in the leaf, root and latex. STG6 leaf and latex protein extract were used as positive control. A non 
transgenic plant was used as a negative control. Total soluble proteins were extracted for each sample and 
incubated at 37°C with 4-MUG (II.2.5.4). At T=0, the reaction was directly stopped by addition of sodium 
carbonate (1M). At 10 minutes interval, the fluorescence intensity (Excitation: 360±40 nm; emission: 460±40 
nm; sensitivity: 30) was measured in a 96-well plate, over a total time span of 50 minutes. The corresponding 
picture (to the left) of the fluorescent sample at different time points was taken under UV light.  
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III.5.3 Characterisation of PTG1 latex by SDS-PAGE and western blot analysis  
The latex proteins of PTG1, PTG3, STG6 and of a wild type plant were separated by SDS-
PAGE and visualized by Coomassie Brilliant Blue (II.2.1.2). The band pattern displayed by in 
PTG1 differed from the pattern seen in the wild-type and in all other transgenic plants tested 
so far (Fig. III.26A). Two bands were almost missing; the MLP37 band corresponding to the 
mature PPO was very weak compared to the intensity of this band in the latex of plants, PG, 
PTG or non transgenic plants. The MLP18 corresponding to the cleaved carboxyl domain of 
PPO could not be detected for PTG1. In western blot (II.2.1.7) experiments using anti-GUS 
antibody a single band of 75 kDa was detected in the latex of PTG1 (Fig. III.26B). No band 
was detected in the latex samples of all other PGT, PG, STG plants or wild type control. No 
extra band corresponding to the 75 kDa protein was detected on the Coomassie stained gel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.26: SDS-PAGE and western blot analysis of GUS expressed in the latex of PTG, PG and STG 
plants.  
A - SDS-PAGE analysis of the latex from each plant after Coomassie staining (II.2.1.2). Eight microliters of the 
latex were loaded under denaturing conditions. B – Western blot analysis of GUS (II.2.1.7). Detection was 
carried out using rabbit-anti-GUS antibody as primary antibody and AP conjugated goat-anti-rabbit antibody as 
secondary antibody. Visualization was performed using NBT/BCIP substrate (II). A and B – Lane 1: STG6; 
Lane 2: PTG1; Lane 3: PTG3; Lane 4: wild type control; Lane 5: pre-stained protein marker (Dual colour; 
Invitrogen). 
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III.5.4 Sequence analysis of the T-DNA flanking regions in PTG1 
A molecular approach was chosen to further characterize PTG1. Isolation of the 3’ and 5’ 
flanking regions of the T-DNA in PTG1 was performed by adaptor-anchored PCR (“Genome 
Walking” II.2.2.7). A library was constructed by digesting the genomic DNA of PTG1 with a 
blunt-end enzyme, EcoRV, and ligation of the fragment to adaptor primers. PCR 
amplification was carried out on the library using adaptor specific primers (AP1 and AP2) and 
gene specific primers derived from the left (PTG1-5’GSP1and PTG1-5’GSP2) and right 
border (PTG1-3’GSP1 and PTG1-3’GSP2) of the T-DNA from the pTRAk binary vector. One 
fragment of 800bp was amplified from the left border and two fragments of 400bp and 
1300bp were amplified from the right border (Fig. III.27) and cloned for further sequence 
analysis BLAST sequence comparisons (II.2.2.9) indicated that the sequence amplified from 
the T-DNA and the sequences corresponding to the adaptor primers were present on the 
amplified fragment, showing that it was not an unspecific amplification performed on the 
library. No further similarity with sequences from GenBank databases was found for any of 
the amplified sequence. The two sequences amplified from the right border (400bp and 
1300bp) did not show similarity at the nucleotide level, indicating that the two sequences 
originated from two separate T-DNA insertion events.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.27: Agarose gel electrophoresis of the PCR amplification of the 3’ and 5’ T-DNA flanking 
regions. 
The Genome walking method was used for amplification of the 5’ and 3’ flanking regions of the T-DNA in 
PTG1. Lane 1: 1kb ladder. Lane 2: PCR product generated by amplification of the 3’ flanking region of the T-
DNA. Lane 3: PCR products generated by amplification of the 5’ flanking region of the T-DNA.  Lane 4: 
Positive control, human genome library Lane 5: positive control, library constructed from Control Human 
Genomic DNA. 
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III.5.5 Vegetative propagation of transgenic T. officinale 
The amenability of T. officinale to vegetative propagation was tested on the transgenic plant. 
GUS was used as a marker to verify that plants produced by vegetative propagation were 
clones, as GUS expression in the latex of PTG1 can easily and quickly be confirmed by 
incubating a small amount of latex (2µl) with the GUS substrate, X-Gluc, for 5 min at room 
temperature. The main root of PTG1 was divided into three pieces using a razor blade and the 
three pieces were directly potted into soil. After one week, the three root pieces sprouted, 
giving three new plants that developed at least ten new leaves in about 3 weeks. The latex of 
the three plants was tested for GUS activity. Two microliters of latex were collected and 
incubated at room temperature with X-Gluc until blue coloration appeared. In all three plants 
the latex turned blue after 5 minutes. Conservation of the GUS activity in the three plants 
gives evidence of them being clonal offsprings. 
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III.6 Stable expression and assembly of the 2G12 antibody in T. officinale  
III.6.1  Cloning of 2G12 light chain and Heavy chains  
The ability of T. officinale to expressed complex recombinant proteins was tested. Transgenic 
T. officinale plants were used for the expression of human full-length antibody 2G12. T. 
officinale leaves were transformed using recombinant Agrobacterium tumefaciens (III.4.4) 
bearing the plasmid pTRAk-2G12-Ds (II.1.2.1). For co-expression, heavy (HC) and light 
(LC) chains were inserted in tandem into the binary vector pTRAk, each under the control of 
a double CaMV 35S promoter (Fig. III.28). For fluorescence-assisted selection of high 
expressing lines an expression cassette for plastid-targeted DsRed was included. DsRed 
expression was followed regularly during the regeneration of the transgenic plants. DsRed 
fluorescence was visible in the calli, shoots and later in the leaves of regenerated plants.   
 
 
 
 
 
 
 
 
Figure III.28: Schematic view of the T-DNA of the plant expression vector pTRAk-2G12-Ds. 
LB and RB = left and right border of the T-DNA; npt II = coding sequence of the neomycin phosphotransferase 
gene (kanamycin resistance); SAR = scaffold attachment region of N. tabacum; SP = 35S-promoter with doubled 
enhancer and terminator of the cauliflower mosaic virus (CaMV) 35S gene; HC and LC = coding sequence of 
heavy and light-chain of the 2G12 antibody with ER retention signal; TP = transit peptide; DsRed = coding 
sequence of the red fluorescent protein; bla = ampicillin resistance E.coli / carbenicillin resistance A.tumefaciens. 
 
 
III.6.2  Dot blot screening and selection of the transgenic plants for 2G12 expression  
Thirty-nine independent plants (GFD line) were regenerated and grown in the green house. 
Six plants, contaminated by fungi in the green house were eliminated. In total, thirty-three 
eight-weeks-old transgenic plants were analysed for DsRed expression and accumulation of 
2G12 LC and HC in their leaves and latex. DsRed fluorescence was strongly expressed in 
GFD1, GFD12, GFD20, GFD29 and GFD37. The plants were then tested for accumulation of 
2G12 HC and LC separately via dot blot (II.2.1.8). Total proteins were extracted from the leaf 
and the latex of each plant and blotted on two PVDF membranes, one for each antibody chain. 
CHO2G12 IgG1/κ–anti-HIV antibodies were used as positive control. Bound 2G12 LC were 
 SAR SAR SAR SAR
LB 
SP SP TP
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Results 
 70
detected by incubating the membrane with polyclonal GαHAP-antibodies κ-chain specific. 
Bound HC were detected by incubating the second membrane with polyclonal GαHAP-
antibodies γ-chain specific. Due to strong oxidative enzyme activities in the latex, which 
interfered with the NBC/BCIP, it was not possible to screen the plants for expression of the 
2G12 antibody in the latex using this method.  
Dot blot analysis of the leaf proteins revealed that both heavy (Fig. III.29.A) and light chain 
(Fig III.29.B) were expressed in 15 transgenic T. officinale over 33 plants regenerated. 
Furthermore, the level of expression of one chain was correlated with the level of expression 
of the other chain. For example in GFD29 both LC and HC are strongly expressed whereas in 
GFD19 the expression level is rather low for both HC and LC. GFD1, GFD20, GFD29, GFD37, 
showing the strongest expression were selected for quantification for the expressed antibody. 
Furthermore, the expression level of 2G12 LC and HC was correlated with the DsRed 
fluorescence intensity observed in the leaves of each plant.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.29: Dot blot screening for expression of the 2G12 κ-chain and γ-chains in 33 transgenic 
T.officinale plants. 
Total soluble proteins of leaf samples 33 GFD plants were extracted (II.2.1.1) and blotted on two Immobilon-P 
PVDF membranes (II.2.1.8). Two replicate were prepared to control that both heavy and light chains were 
expressed in the transgenic GFD plants. The heavy chain (A) and light (B) chains were detected using anti- 
GαHAP γ-chain κ-chain respectively. Visualisation was performed using NBT/BCIP substrate. Protein extract 
from a wild type plant was used as negative control (C-). 50 ng of CHO2G12 IgG1/κ–anti-HIV were blotted as 
positive control (+). Plants are identified by a number underneath each dot. Red numbers correspond to the 
plants checked positives. 
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III.6.3  Expression level analysis by SRP 
Expression levels of the 2G12 antibody in the leaves and latex were quantified in GFD1, 
GFD20, GFD29 and GFD37 by Surface Plasmon Resonance (SPR) method (II.2.1.9). Total 
soluble proteins were extracted from latex and leaf samples of the plants (II.2.1.1). The 
amount of antibody captured on the chip (protein-A surface) was directly derived from the 
sensogram. The slopes (binding rates) were determined by linear regression of the binding 
curve just before the end of the injection. The concentration of 2G12 antibodies in each 
sample was calculated using the CHO2G12 purified antibody as standards (0,58 µg ml-1). The 
highest expression level was measured in GFD1 sample (Fig. III.30) with a value of 15µg per 
g fresh leaf weight (FLW). Antibody concentration was lower in GFD37 (7 µg per g FLW), 
GFD29 (6.5 µg per g FLW) and GFD20 (4.1 µg per g FLW). Additional measurements of 
GFD1 leaves revealed that expression level could reach 50 µg per g FLW. Accumulation of 
the 2G12 antibodies was detected in the latex but the levels of expression were too low to give 
accurate quantification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure III.30: SPR binding of 2G12 antibodies expressed in GFD plants. 
Quantification of 2G12 antibodies expressed in leaf of GFD1, GFD20, GFD29, GFD37 by SRP. 2G12 antibodies 
were captured on immobilised Protein-A chip. RU = resonance units, ie, changes in refractive index due to 
binding of substances. (Illustration and image editing were kindly provided by M. Sack, BioVII, RWTH-
Aachen). 
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III.6.4  Western blot analysis of the 2G12 LC and HC expressed in T. officinale 
Leaf and latex GFD12G12 antibodies were checked for state of assembly by western blot 
analysis under reducing and non-reducing conditions. GFD1 leaf and latex samples were 
homogenized in extraction buffer and directly separated by SDS-PAGE (II.21.2) and blotted 
on nitrocellulose membrane (II.2.1.7). Like in the dot blot experiments (III.6.1), the 2G12 LC 
was detected by incubating the membrane with polyclonal GαHAP-antibodies κ-chain and the 
2G12 HC was detected by incubating the membrane with polyclonal GαHAP-antibodies γ-
chain specific. Under reducing conditions, a band of approximately 50 kDa, corresponding to 
the unassembled HC, was detected in the leaf and latex samples, indicating that the HC was 
expressed and intact in the leaf and latex samples (Fig. III.31, lanes 2 and 4). The 
unassembled intact LC was also detected at 25 kDa (Fig. III.31, lanes 9 and 11) in the leaf and 
latex samples of GFD1, but few degradation products of the LC were also present in both 
samples. The specific detection was confirmed because no bands were visible in the wild type 
latex samples (Fig. III.31, lanes 6 and 13).  
Under non-reducing condition, the bands corresponding to the unassembled HC (50 kDa) and 
LC (25 kDa) were almost no longer detected, showing that most of the heavy and light chains 
assemble in the plant. A major band of about 150 kDa, corresponding to the assembled 
antibody (2 LC + 2 HC), was detected in the latex and leaf total protein extract both anti-
GαHAP γ-chain and κ-chain specific showing that can efficiently assemble in the leaves and 
latex of T. officinale.  
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Figure III.31: Western blot analysis of full length 2G12 antibody from T. officinale plant extracts under 
reducing and non-reducing conditions.  
Leaf and latex total soluble proteins were extracted (II.2.1.1), separated by SDS-PAGE under reducing and non-
reducing conditions (II.2.1.2), and blotted on nitrocellulose membranes (II.2.1.7). Extracts from non-infected 
plants were used as negative control. Lanes: 1 to 6 = detection of the heavy chain with GαHAP antibodies 
[1:5000; γ- chain specific]. Lanes: 8 to 13 = detection of the light chain with [κ-chain specific]. Lane 1 + 8 = 
non-reduced total leaf proteins. Lane 2 + 9 = reduced total leaf proteins. Lane 3 + 10 = non-reduced total latex 
protein. Lane 4 + 11 = reduced total latex proteins. Lane 5 + 12 = non-reduced total latex proteins of wild type. 
Lane 6 + 13 = reduced total latex proteins of the wild type. Lane 7 = pre-stained protein marker (Dual colour, 
Invitrogen). 
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IV DISCUSSION 
IV.1 Identification of PPO as the major latex protein of T. officinale 
IV.1.1  Sequence homology of the latex PPO shared with other plant PPO 
Understanding the basic molecular mechanism underlying the expression of major latex 
proteins (MLPs) in T. officinale is crucial in developing a laticifer-targeting system for the 
production of recombinant proteins by Molecular Farming. As a first step in advancing our 
understanding of the regulation of the gene expression in the laticifers, we isolate and 
characterised genes encoding the major latex proteins. The MLPs of T. officinale were clearly 
identified as PPO on the basis of several results. Edman degradation of the MLPs followed by 
BLAST searches (III.1.1) indicated that the N-termini of three out of four MLPs analysed 
(MLP66, MLP37 and MLP18), showed high sequence identity with other PPO sequences, 
implying homology. Two MLPs (MLP66 and MLP37) showed high sequence identity to N-
terminus of other PPOs and had masses in the ranges of 40-50 kDa and 60-68 kDa of other 
PPOs documented in the recent literature (Cary et al., 1992; Newman et al., 1993; Robinson 
and Dry, 1992; Shahar et al., 1992).  
Using inverse PCR, a sequence was amplified showing similarity at both nucleotide and 
amino acid levels with known plant PPOs, respectively (III.2.1). Its translation product 
showed 100% identity to MLP66, MLP37 and MLP18 sequences determined by Edman 
degradation, confirming that the amplified clone encodes the latex PPO. Nuclotide-nucleotide 
BLAST (BLASTn) searches indicated that the latex ppo is unique, although it exhibits 
sequence similarity to previously cloned plant ppo genes, including those of broad bean (Hunt 
et al., 1993), tomato (Sullivan et al., 2004), potato (Mayer, 1987) and red clover (Mayer and 
Harel, 1979). Identification of the ATG translation start site was confirmed by data base 
comparison (III.2.2) to other plant ppo genes and by the presence of a long open reading 
frame terminated by a stop codon. The first N-terminus residue (Asp) of the MLP18, identified 
by Edman degradation, was localised at position 458 of the latex ppo translation product. This 
amino acid corresponds to the first residue of PPO carboxyl domain, indicating that the 
cleavage site between in the unprocessed PPO sequence is located between Ala-457 and Asp-
458. 
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Two ppo cDNA clones, named ppo1 and ppo2 were isolated, by RT-PCR on total RNA from 
the latex using a proof reading polymerase (III2.3). Based on the following results, we 
concluded that the two clones, ppo1 and ppo2 encoded two closely related PPO rather than 
PCR mistakes. First, the coding regions of the genes show a very high degree of identity, 
differing only in a 3 bp deletion and one base pair exchange. Second, the two clones were 
evenly distributed among the amplified ppo sequences (50 % ppo1, 50 % ppo2). Third, they 
were amplified using a proof reading polymerase.  
IV.1.2  Structural features of the latex PPO characteristic of plants PPOs 
PPO (EC 1.14.18.1, EC 1.10.3.1), also known and reported under various names (tyrosinase, 
phenolase, catechol, catecholase, monophenol oxydase orthophenolase) based on substrate 
specificity, is widely distributed in plants and fungi (Shahar et al., 1992; Sherman et al., 1991; 
Steffens et al., 1994; Vaughn and duke, 1984; Vaughn et al., 1988). The latex ppo gene 
encodes a protein with characteristics similar to many other PPO proteins, including 
conserved two copper-binding motifs, each with three highly conserved His residues that 
complex the catalytically active Cu2+ (Hunt et al., 1993; Newman et al., 1993). In T. 
officinale, the latex PPO is expressed in tissue-specific isoforms having masses above 60 kDa 
that show high conservation of primary sequence, particularly in binuclear Cu-A and Cu-B 
sites forming the presumptive catalytic centre. In addition to the known copper-binding 
domains common across species, the latex PPO also contains a His-rich region at the C-
terminus, as previously reported for other plant PPOs (Kowalski et al., 1993).  
 
 
 
 
 
 
 
 
 
 
Figure IV.1: Schematic representation of the latex PPO. 
TP: transit peptide; TTD: Thylakoid Targetting Domain; CB-A: Copper Binding domain A; CB-B: Copper 
Binding domain B.  
 
 
Chloroplast 
targeting signal 
TP TTD CB-A CB-B 
Mature PPO 37 kDa
Pre-mature PPO 66  kDa
Carboxyl domain 18 kDa
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IV.1.3  Subcellular localisation of the latex PPO 
In higher plants, PPOs are nuclear-coded proteins (Mayer, 1987) synthesized as precursor 
proteins that are targeted to the thylakoid lumen (Bauer et al., 2001; Golbeck and Cammarata, 
1981; Vaughn et al., 1988). PPOs are often described as tightly bound thylakoid proteins 
(Chen and Schnell, 1999). The amino-proximal portion of the PPO transit peptide functions as 
a chloroplast-targeting, envelope-transfer domain, whereas the carboxy-proximal portion 
functionally is similar to a thylakoid-transfer domain (Gavel and von Heijne, 1990; Keegstra 
and Froehlich, 1999; Soll and Schleiff, 2004; van Gelder et al., 1997). The calculated 
molecular mass of the precursor latex PPO protein (prior to processing of the transit peptide) 
would be approximately 67 kDa, comparable with the 54 to 68 kDa of PPOs from other plant 
species (Cho et al., 2003). The predicted molecular mass of the processed protein is 57 kDa 
assuming that the transit peptide cleavage site resides between Ala 98 and Ala 99, in agreement 
with cleavage site motifs proposed by Gavel and von Heijne (2001). Four lines of evidence 
suggest that the predicted cleavage site is accurate. First, the predicted cleavage site was in 
accordance with the first amino acid residue of the MLP66 and MLP37 determined by Edman 
degradation. Second, it corresponds well to the experimentally determined amino termini of 
several PPO proteins purified from other plant species (Emanuelsson et al., 1999; Newman et 
al., 1993; Nielsen et al., 1997; Sullivan et al., 2004). Third, ChloroP and Predotar algorithms 
(III.2.2) successfully predicted the cleavage sites of the chloroplast transit and thylakoid 
lumen targetins signals (Coupé et al., 1972; Peltier et al., 2000; Wititsuwannakul et al., 2002). 
Fourth, in reporter gene experiments (III.4.3), the capability of the PPO transit peptide to 
target proteins to the chloroplast was clearly shown by the strong fluorescence of DsRed in 
the chloroplasts Additionally, confocal and electron microscopy revealed the presence of 
DsRed in the thylakoids, indicating that the portion of the coded transit peptide fused to 
DsRed was sufficient to target the reporter protein into the thylakoid lumen of the chloroplast. 
Finally, plastidic location of GUS in the laticifers was demonstrated in histochemical assays 
performed on transgenic T. officinale expressing the Pppo:TPppo:GUS cassette (III.5.1). 
In Hevea brasiliensis, PPO was found to be highly expressed in the latex and was localised in 
both lutoid and Frey-Wyssling particles (Nessler and Mahlberg, 1978; Thureson-Klein et al., 
1970). Frey-Wyssling complexes were described as plastid-like organelles. Previous 
ultrastructural studies of laticifers of Papaver bracteatum Lindl. and its latex have revealed 
the presence of plastids that develop complex electron-dense inclusions but fail to develop 
lamellar structure or starch (Heinrich, 1967). Similar membrane-bound inclusions have been 
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described in laticifer plastids of Papaver somniferum L. (Neumann, 1972). Plastid in 
articulated laticifers of Taraxacum bicorne (Henry, 1975) and Chelidonium majus (Sanchez-
Ferrer et al., 1995) have also been reported to possess electron dense inclusions. Membrane-
bound inclusions in the chloroplasts of tobacco have been shown to possess both peroxidase 
and polyphenol oxidase activity (Robinson and Dry, 1992). In the present investigation we 
used PPO antiserum to localise PPO in ultra-thin section from T. officinale leaves (III.3.4). 
Ultrastructural studies of laticifers (III.3.4) revealed the presence of plastids that develop 
complex electron-dense inclusions. However no significant gold labelling was observed in the 
laticifer cells. It may well be that the lack of immunogold labelling reflects poor preservation 
of the epitopes when strong fixation methods are used. Characterisation of the laticifers in T. 
officinale remains as work for the future. 
IV.1.4  Evidence of catalytic cleavage of PPO in the latex 
PPOs are copper-containing enzymes that catalyse two different reactions using molecular 
oxygen: the hydroxylation of monophenols to o-diphenols (monophenolase activity) and the 
oxidation of the o-diphenols to o-quinones (diphenolase activity) (Mayer and Harel, 1979). In 
undamaged tissue, PPO activity is latent. The isolated enzyme can be activated either in vivo 
by partial proteolysis (Pujarniscle, 1968) or in vitro by mild denaturants (Wititsuwannakul et 
al., 2002). PPO activation resulting in limited proteolysis due to proteases present in the B-
serum of Hevea latex during the PPO isolation has previously been reported (Cary et al., 
1992; Chevalier et al., 1999; Pujarniscle, 1968). 
The amino-acids sequence of the three PPOs obtained by Edman degradation were all present 
on the same translation product of the ppo clone isolated by inverse PCR and RT-PCR, 
suggesting that the three PPO latex proteins belong to the same gene product and result from 
proteolysis in the latex. Results from immuno-blot experiments confirmed that the presence of 
three peptides in the latex sample is the result of the proteolytic cleavage of a precursor PPO 
protein (MLP66). When using anti-sera raised against the mature PPO, the MLP66 and MLP37 
were detected (III.3.1). In contrast, the antisera raised against the PPO carboxyl domain 
reacted only with the MLP18 and the MLP66, but did not react with the MLP37 (III.3.3). This 
result confirmed that the MLP66 contain the carboxyl domain, and so that it corresponds to the 
pre-mature PPO also described as latent form of the PPO. The latent pre-mature PPO is 
cleaved in a 37 kDa active PPO form (MLP37) with a predicted molecular mass of 41 kDa and 
an inactive carboxyl domain (MLP18) shwing no PPO activity (III.1.3).  
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The molecular mass of the MLP66 (66 kDa) estimated under denaturing conditions in SDS-
PAGE experiments was slightly higher than the predicted mass of the pre-mature PPO (57 
kDa), as already reported by a number of researchers (Dry et al., 1992; Gandia-Herrero et al., 
2004; Kupper et al., 1989; Moore and Flurkey, 1990; Robinson and Dry, 1992; Söderhäll, 
1995; Wititsuwannakul et al., 2002). In the functionally-related tyrosinase (monophenol 
oxidase) from Neurospora, activation of the enzyme involves removal of a C-terminal portion 
of the 75-kDa proenzyme by a chymotrypsin type protease to yield the active 46 kDa 
tyrosinase (Golbeck and Cammarata, 1981). Partial activation of PPO by proteolysis and loss 
of the C-terminal domain (Sherman et al., 1991) suggests that access to the catalytic centre is 
comparably controlled in PPOs.  
Additionally, analysis of the latex from young plants by SDS-PAGE (III.4.4) indicated that 
the latent PPO (MLP66) is synthesised early in the latex. In young plants, the mature PPO 
(MLP37) and the carboxyl domain (MLP18) simultaneously appear in the latex during the 
growth of the plants, supporting the hypothesis that they are released in the latex by 
proteolysis of the pre-mature PPO (MLP66).  
 
IV.1.5  PPO activity in the latex 
PPOs have gained attention primarily due to their role in tissue browning after bruising, or 
during the preparation of many fruits/vegetables for processing (Vamos-Vigyazo, 1981). The 
browning is the result of enzymatic oxidation of various monopenols and o-diphenols to the 
corresponding quinones. The highly reactive quinones subsequently auto polymerises to form 
brown products. Since the catalytic activity of PPO survives during SDS-PAGE, and SDS is 
itself an excellent activator (Gandia-Herrero et al., 2004), PPO is conveniently detected using 
a chromogenic substrate (Söderhäll, 1995). PPO activity in the latex of T. officinale was 
revealed on the blotted latex proteins and in situ, on sections made from the petiols, using L-
DOPA as chromogenic substrate (III.1.3). Although the pre-mature PPO (MLP66) has been 
described as a latent protein, in blot activity assays revealed that both mature (MLP37) and 
pre-mature (MLP66) were active in L-DOPA conversion after denaturing gel electrophoresis. 
Previous experiments have shown similar results with PPO from beet root (Wititsuwannakul 
et al., 2002), or from carrot (Mayer and Harel, 1979). The ability of SDS to activate the latent 
enzymes has been demonstrated several times and may involve alterations of PPO enzymatic 
and physical characteristics, as well as a limited conformational change due to the binding of 
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small amounts of SDS (Moore and Flurkey, 1990). The resulting conformational change 
could then allow substrates to reach the active site of the latent pre-mature PPO (Golbeck and 
Cammarata, 1981; Vaughn and duke, 1984). Here, activation of the pre-mature latex PPO 
(MLP66) is thought to be due to a distortion or slight unfolding of the protein in the gel, which 
may induce the activation of the latent PPO as previously suggested. 
The distribution and cytological organisation of articulated branched laticifers in the mature 
root, stem, and leaf tissues T. officinale, were studied using Sudan III staining (III.1.2). These 
experiments showed that the laticifers occur in all parts of the plant body, being well 
represented in certain parenchymatous tissues and the phloem, as those found in Hevea 
brasiliensis. Similar sections incubated with L-DOPA confirmed a strong PPO activity in the 
laticifers.  
IV.1.6  The function of PPO in the latex 
Although PPOs have been studied for many years, their physiological significance in plants 
remains unclear. It has been implicated in pigment formation (Kowalski et al., 1992). Due to 
the presence of PPO in the thylakoids, the enzyme was proposed to play a role in photo-
oxidative reactions (Mayer, 1987); such as scavenging molecular oxygen in the chloroplast 
(Vaughn et al., 1988). The complete sequence of a 64 kD PSII membrane-associated PPO 
present in a latent form, was isolated from spinach and PPO was proposed to play an 
important role in dark processes in the thylakoid lumen (Constabel et al., 1995; Mayer, 1987; 
Sheptovitsky and Brudvig, 1996; Vaughn et al., 1988). Although the exact role of PPO is not 
fully understood, a role in plant disease or pest resistance or against attack by insects and 
micro-organisms seems to be well established (Bachem et al., 1994; Constabel et al., 1995; 
Mayer and Harel, 1979; Thipyapong and Steffens, 1997; Thipyapong et al., 2004). 
Enzymatic browning is a very important concern in post-harvest physiology, and a PubMed 
search shows that PPO has been studied in at least 20 plant species. Cell death is an obvious 
consequence of impact damage. The contribution of PPO to internal black spot is well known 
and has been confirmed by partially successful antisense down-regulation to inhibit enzyme 
browning in potato tubers (Jimenez and Garcia-Carmona, 1996). Brown products are believed 
to protect damaged tissues from further destruction by herbivores and pathogens (Boss et al., 
1995). Many PPOs are latent and require chemical activation to be fully active (Thipyapong 
and Steffens, 1997). Wounding or pathogen attacks typically result in a modified local 
chemical environment due to the release of vacuolar and cellular constituents, leading to the 
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activation of the latent PPO. Accumulation of a wound inducible PPO mRNA was first 
reported in apple by (Constabel et al., 2000). Inducibility of PPO by injuries and wound 
signals was later described in tomato (Joel et al., 1978) and hybrid poplar (Robinson et al., 
1993).  
Presence PPO/laccase activity in the latex was already reported for mango and other members 
of the Anacardiaceae, including Shinus molle, Rhus and Mangifera (Hunter, 1994; Saby John 
et al., 2003; Wititsuwannakul et al., 2002), and in Hevea brasiliensis (Dussourd and Eisner, 
1987). Latex from different plant families (Apocyanae, Asteraceae, Caricaceae, 
Euphorbiaceae and Moraceae) has been implicated to participate in plant defence (Malcolm 
and Zalucki, 1996). In many laticiferous plants, latex is stored under pressure, which implies 
that, in response to cuts and/or bites by plant predators, it is abruptly expelled. Experimental 
evidence, accumulated over the course of several decades, has shown that latex contributes to 
protecting the plant against predators (Dussourd and Eisner, 1987; Malcolm and Zalucki, 
1996). Such a function can be successfully achieved either mechanically or chemically. For 
example, as a result of coagulation, latex droplets can eventually harden to the point of 
virtually muzzling predators (El Moussaoui et al., 2001). In addition, toxic substances, when 
present in latex, have been shown to have a negative impact on both insect feeding rate and 
predator fitness (Yu et al., 1992). Papain is a hydrolytic enzyme present in the latex of Carica 
papaya. The enzyme is released after injury of the differentiating tracheary elements and is 
involved in the post-mortem digestion of the cell. This enzyme has been suggested to catalyse 
latex coagulation to promote wound sealing following insect feeding (Elmayan and Tepfer, 
1995).  
Like papain, PPO might be used in the laticifers as part of a pressurised defence network that 
is poised for the quick release of defensive peptidases. Considering the high constitutive level 
of PPO expression and activity in the latex of T. officinale, it is attractive to speculate that the 
latex PPO plays a defensive role. PPO accumulating in latex may serve as one enzyme 
participating in defence reactions against pests and pathogens. As a Major Latex Protein, PPO 
might also promote wound healing and temporarily prevent or reduce infection of the plant, 
supporting its defensive role against insects or pathogens. Therefore, identification of PPO as 
the MLPs is consistent with the defensive role generally attributed to plant laticifers. 
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IV.2 Transgenic technology and recombinant protein expression in the latex 
IV.2.1 Genetic transformation and tissue culture of T. officinale  
The transformation of T. officinale was optimized so that it can be used for investigations into 
the mechanism of laticifers-specific gene expression and for the expression of complex 
proteins in the latex. A rapid and high frequency regeneration system for T. officinale was 
obtained when petiole and leaf explants were cultured on media containing 1 mg l-1 BAP for 
callus-induction followed by subculture in shoot induction media containing 2 mg l-1 zeatin 
riboside for shoot regeneration. Root formation was initiated on media without growth 
regulator. All the plants expressing the Kanamycin resistance gene were regenerated into 
transgenic plants that were later successfully established into soil (III.4.4).  
DsRed expression in STD, PD and PTD lines was analysed at all stages of the regeneration 
process. DsRed was found to be well suited, easy to detect when the expression was driven by 
the 35S promoter, especially for chloroplast targeting (III.4.3). When co-expressed with the 
2G12 antibody, it facilitated the selection of plants which highly expressed the antibody. The 
intensity of DsRed fluorescence correlated well with the level of 2G12 expression measured 
in the all the transgenic plants (III.6.2). So far we have obtained more than 100 trangenic 
T.officinale plants that expressed the DsRed or GUS, or the 2G12 antibodies in 10 weeks. 
 
IV.2.2 Functionality and tissue specificity of the latex ppo promoter 
Our original intent was to confirm the capability of the ppo promoter to drive high level 
protein expression in the latex. Therefore, the 5’ flanking region of the latex ppo gene was 
isolated in order to analyse the ppo promoter functionality and tissue specificity in transgenic 
T. officinale. The full-length promoter sequence was amplified by PCR (III.4.1) and fused to 
DsRed or GUS reporter genes in the pTRA plant binary vector (III.4.2). GUS expression in 
transgenic lines was demonstrated using 5-bromo-4-chloro-3indolyl β-D-glucuronide (X-
Gluc) as the enzymatic substrate. The GUS system was useful for histological techniques and 
thereby provided the possibility to localise the enzyme directly in tissues. Tissue-specificity of 
the ppo promoter observed in PTG1 was highly restricted to the petiole and root vascular 
systems. In accordance with the high PPO activity detected in the laticifers (III.1.3), 
histochemical observation of GUS activity in the latex, leaves, and root sections from PTG1 
indicated that the latex ppo promoter directed GUS expression in the laticifers (III.5.1). The 
specific features of the ppo promoter activity in the laticifers of T. officinale was never 
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observed when GUS expression was driven by the CaMV 35S promoter. The blue colouration 
in the laticifers cannot be accounted to endogenous GUS activity. Even though endogenous 
GUS activity has been reported in the tissues of several plant species (Buchel et al., 1999), in 
our experiments it was never detected. Laticifer-specific promoter functionality using reporter 
proteins is shown for the first time in this study. 
Fluorometric quantification of the GUS activity in different organs of PTG1 plants revealed 
that the steady-state ppo promoter expression was 50-fold higher in the laticifers than when 
GUS expression was driven by the CaMV 35S promoter (III.5.2). Despite the high activity of 
the ppo promoter in the laticifers, the level of GUS accumulation in the latex revealed by 
Coomassie gel staining, never reached the level of accumulation of the endogenous PPO 
protein. This difference in accumulation level may be attributed to a better stability of the 
PPO protein.  
In histochemical GUS assays using X-Gluc as substrate, the functionality of the ppo promoter 
was clearly demonstrated only in the PTG1 plant. Integration of the transgene in the genomes 
of other PTG and PG plants was however confirmed by PCR amplification of the expression 
cassette (III.5.1). Fluorometric GUS assays performed with those plants indicated that GUS 
activity in the latex was detectable but very low, thus explaining why GUS activity could not 
be detected using X-Gluc as substrate. The GUS activity measured in the latex sample from 
the PG and PTG plants was in the range of that measured in the STG plants. Accumation of 
DsRed in the latex of the regenerated STD, PD and PTD plants could not be detected in the 
latex, showing that the DsRed reporter protein needs to be highly expressed and accumulated 
to be detected in plant tissues. Therefore the GUS reporter protein was more suitable for 
analysing low expressing transgenic plants and to demonstrate the functionality of the PPO 
promoter.  
IV.2.3 In silico search for potential regulatory elements 
The latex ppo promoter includes several potential TATA boxes as well as potential regulatory 
elements which appeared sufficient to ensure promoter activity in transgenic T. officinale. We 
searched each query sequence for motifs identical with or similar to previously reported 
element registered in the PLACE database (III.4.1). Various putative regulatory cis-elements 
were identified in the sequence of the latex ppo promoter. The specific expression of the ppo 
promoter in the root vascular tissue is consistent with the presence eight ‘root motifs’, 
ATATT. This motif was initially found in the promoter of rolD genes which are preferentially 
expressed in roots compared to leaves, and more specifically in the root elongation zone and 
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vascular tissue (Le Gourrierec et al., 1999). Concerning tissue-specificity, it is worth 
mentioning the presence of five GT1-elements in the ppo promoter sequence, which 
potentially bind factors of the GT family. GT factors interact cooperatively with cognate 
binding factors of other cis-elements and play an important role in controlling cell-type-
specific transcription, both positively and negatively (Villain et al., 1996; Yanagisawa and 
Schmidt, 1999; Yanagisawa, 2000; Zhou, 1999). Interestingly, highly repeated potential 
regulatory elements linked with tissue specificity were identified in the latex ppo promoter 
sequence. Twenty-two AAAG motifs identified as a core site required for binding of Dof 
proteins were found on the ppo promoter sequence. Dof proteins are plant specific (e.g. 
expression of a photosynthetic gene, seed-specific genes and a plant oncogene, and pathogen-
responsive gene expression) (Dynan and Chervitz, 1989; Edwards and Coruzzi, 1990).  
Many studies of tissue-specific gene expression (An, 1986) and genes that control specific 
developmental pathways have revealed the importance of transcriptional regulatory 
mechanism in the control of the development of higher plants (Schwarz-Sommer et al., 1990). 
In some cases, the DNA sequence elements that are necessary for transcriptional regulation 
and the protein factors that interact with these sequences have been identified. What has 
emerged is a complex picture in which DNA sequence elements that are important for 
regulation are scattered over thousands of base pairs (bp), and these elements interact with 
factors that can be either ubiquitous or highly restricted in their distribution. A simple model 
in which transcriptional regulation is mediated solely by the presence or absence of a 
particular trans-acting factor now seems inadequate. Rather, transcriptional regulation may be 
accomplished through combinatorial mechanisms (Czernilofsky et al., 1986) by which diverse 
expression patterns are achieved through different combinations of a limited number of 
regulatory elements and trans-acting factors. Analysis of plant promoters that control tissue-
specific expression in vivo has generally been performed with progressive deletions of the 
promoter. In most cases, more than one region was identified that affected either quantitative 
or tissue-specific effects, suggesting that combinations of these different regions are necessary 
to achieve the normal expression pattern. To fully understand the anatomy of the latex ppo 
promoter and to identify the cis-regulatory elements that are essential for its laticifer 
specificity, detailed promoter reporter gene analysis must be envisaged in T. officinale. The 
ppo promoter tissue specificity could also be analysed in other plant system such as tobacco 
and Hevea brasiliensis.  
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IV.2.4 PPO promoter driven expression variability of transgenes 
As previously mentioned, we observed an important variability in the levels of the transgene 
expression in the laticifers for the PTG lines. High expression level was observed in a unique 
plant (PTG1). The probable variability linked to the T-DNA insertion site or to weak 
environmental/developmental regulations may explain the weak expression levels observed in 
all other transgenic plants. Expression level variability between different transgenic cell lines 
or organisms has been observed after introduction of many genes, both natural and chimeric, 
into numerous plants species (Dean et al., 1988a; Dean et al., 1988b; Fang et al., 1989; Nagy 
et al., 1985; Rosahl et al., 1987; Shirsat et al., 1989; Velten and Schell, 1985). The observed 
variability has often been referred to as ‘position effect’, based on the as-yet unproved 
assumption that expression levels of the introduced genes are directly influenced by host 
DNA sequence or chromosomal structure/composition at or near to the site of integration. 
Despite the nearly ubiquitous occurrence of ‘position effect’, the nature of the molecular 
factors contributing to transgene expression variability remains elusive. In general, transgene 
variability has failed to correlate directly with the copy number of stably integrated transgene 
(Archer et al., 1963; Fischer et al., 1999b). The variation of expression exhibited by PD, PG, 
PTD, PTG lines clearly indicates that a majority of transformants express the introduced 
transgenes at levels well below the maximum potential expression levels observed for the 
latex PPO. This observation is clearly pertinent in considering how many different 
transformants need to be examined in order to obtain one or more clones expressing the 
introduced gene(s) at high levels. Excluding PTG1, the observed distribution is consistent with 
the possibility that many plant cells receiving new DNA may fail to express introduced genes 
or, as in our case, express them at very low levels. In functional terms, it is possible that 
introduced foreign DNA either only rarely escapes inactivating modifications or, conversely, 
is only rarely activated to maximal levels of expression. A more trivial explanation in which a 
majority of the low expressing plants has simply failed to receive the transgene cannot be 
ruled out since all plant analysed contained the expression cassette (III.5.1) and expressed the 
reporter gene (III.5.2). An extensive analysis of the T-DNA flanking region of PTG1 plants 
will be interesting in terms of a basic understanding of overall plant gene regulation, and 
important to the long-term success of laticifers genetic engineering, by better defining the 
molecular nature of transgene expression level variability.  
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IV.2.5 Transgene-induced gene silencing in PTG1 
Analysis of the latex from different transgenic plants revealed that the latex protein content 
was different in PTG1 (III.5.3). The four major latex proteins were present in the latex of all 
the transgenic plants analysed but were almost absent from the latex of PTG1, indicating that 
the PPO expression has been modified in the transgenic PTG1. The recent development of 
gene transfer methods for almost all eukaryotes has revealed that transgenes can undergo 
silencing after integration into the genome. Host genes can also be silenced as a consequence 
of the presence of homologous transgenes. 
Transgene silencing is defined as occurring at the post-transcription level when RNA does not 
accumulate even though transcription occurs. Post-transcriptional gene silencing occurs 
mainly when transgene RNA is produced at high levels. In our study, high level of 
Pppo:TPppo:GUS expression in the laticifers of PTG1, leading to silencing of the native ppo 
gene, could explain the absence of the PPO in the latex. 
IV.3 Stable recombinant expression of the 2G12 antibody in T. officinale  
We investigated whether the laticifers were suitable compartments for the expression of 
recombinant proteins despite the highly oxidative environment due to PPO activity. A 
complex molecule, the full length human 2G12 antibody was chosen to be expressed in T. 
officinale. At this time, the functionality of the ppo promoter had not been demonstrated and 
because of time constraints, the 2G12 antibody gene expression was conducted using the 35S 
promoter in transgenic T. officinale (III.6.1).  
Transgenic T. officinale expressing the heavy and light chain of the 2G12 antibody were 
successfully regenerated in 3 months. Fifteen plants from 33 grown in the green house 
expressed both LC and HC (III.6.2), and four plants, showing high expression of both LC and 
HC were chosen for quantitative analyses (III.6.3). Level of expression in the leaves was 
comparable to the level in tobacco leaves (personal communication Sack and Rademacher, 
RWTH Aachen). Western blot analysis of the recombinant antibody from leaf and latex 
extracts, under reducing conditions, revealed two bands (25 and 50 kDa), similar in size to 
those obtained in tobacco. Further more, western blot experiments under non-reducing 
conditions demonstrated that the 2G12 HC and LC expressed in the leaves and in the latex of 
T. officinale assembled correctly (III.6.4).  
The advantage in using transgenic T. officinale for recombinant protein production essentially 
lies in targeting the protein expression in the latex as this would allow for continual, non-
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destructive harvesting of the foreign proteins. As latex is a complex fluid containing diverse 
organic and inorganic constituents (Cabanes-Macheteau et al., 1999), post-harvest 
purification of the recombinant protein would be necessary. The purification of recombinant 
proteins depends on the protein itself and on the source of the protein. Some aspects 
concerning purification of recombinant antibodies from plant-extracts were already 
investigated such as the application of Protein-A, which can be used in a similar manner as in 
purification from ascites or hybridoma supernatants (Lund et al., 1990). Based on this, a 
purification protocol for the human anti-HIV antibody 2G12 was established in our lab. The 
expression levels of 2G12 LC and HC in the latex of the transgenic T. officinale plants 
analysed so far were very low compared with the levels of expression measured in leaves. 
This result is consistent with the GUS expression levels obtained in the latex of STG lines 
when the expression was under the control of the CaMV 35S promoter. Purification through 
column A of the latex derived 2G12 would require much higher amount of expressed 
antibodies. Directing the full length 2G12 expression in the laticifers under the control of the 
ppo promoter could be tested to improve the levels of LC and HC accumulation in the latex. 
Once purified, binding activity and functionality of the latex derived 2G12 could be 
determined.  
The safety of plant derived recombinant proteins, with respect to the glycosylation pattern 
must also be extensively proven before this antibody can enter clinical trials. As glycosylated 
latex proteins occur in the latex, the essential apparatus for protein glycosylation – absent in 
bacteria – is already present in laticifer. It is nevertheless important to determine if 
glycosylation of the recombinant protein is comparable with that of the native protein it seeks 
to represent. Due to different glycan-modifying enzymes, plant produced proteins contain a 
different glycosylation pattern compared with mammalian cells, such as a high-mannose type 
consisting of N-Acetylglucosamine (GlcNAc) and mannose residues (Shinkawa et al., 2003). 
Carbohydrate moieties unique to plants may induce immune responses when regularly 
administered to humans. It is known for antibodies, that N-glycans at the Fc part of the IgG 
molecule contribute to effector functions (Jefferson et al., 1987b; Odell et al., 1985; Wright 
and Morrison, 1998). Nothing is known about glycosylation of recombinant protein in the 
laticifers, the type and extent of glycosylation of the T. officinale derived 2G12 antibodies 
remains to be determined. 
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IV.4 Comparative analysis of the promoter functionality in the laticifers 
The 35S promoter of cauliflower mosaic virus (CaMV) confers high level of expression in 
most of the cells type when transferred into plants (Arokiaraj, 1998; Odell et al., 1985; 
Sanders et al., 1987). In addition expression is not dependent on viral trans-acting factors . 
For these reasons it is one of the most commonly used promoters in plant biotechnology. In 
Hevea brasiliensis expression of GUS was strong in the vascular system, in the phloem and 
the latex . However 35S promoter driven expression of reporter genes in the laticifers of T. 
officinale was low and GUS activity was never observed for the STG plants. In T. officinale, 
ppo promoter driven GUS expression was strong in the laticifers but was never observed in 
the phloem or other vascular cells.  
From the point of view of the objectives of T. officinale genetic engineering, the regulatory 
features displayed by the recombinant ppo promoter in T. officinale are promising. It is 
envisaged that the ppo promoter could be useful for the production of recombinant protein for 
industrial or medical interest in the extractable latex of T. officinale, ie, using the plant as a 
biotechnological factory. In this case, optimal expression of the transgene in the latex cell is 
of particular importance. Nevertheless, selection of plants showing high expression level of 
the foreign protein might be a crucial issue since the majority of the transformed T. officinale 
showed low expression. However this problem could be solved by the use of reporter gene 
such as DsRed in tandem with the molecule of interest to select the best expressing plants at 
an early stage. 
IV.5 Ease of propagation of transgenic T. officinale 
Three identical clones of PTG1 were raised by root division and new plant sprouted from the 
three roots pieces after one week (III.7). Latex was analysed for GUS expression by 
incubating the latex in GUS staining solution. The same procedure will be applied to 
propagate the transgenic plant expressing the 2G12 (GFD1). GUS expression appears to be 
stable and neither reversion nor chimerism has been observed over the vegetative generation. 
This result indicates that foreign genes can be expressed in the latex of the transformed T. 
officinale plant and that a single transgenic plant selected for high protein expression could be 
easily multiplied into any number of vegetative clones retaining the ability to express the 
protein.   
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V CONCLUSION 
In conclusion, the most important features of the exploitation of transgenic T. officinale plants 
for production of recombinant proteins can be summarised as follows: 
The concept is a novel approach to cost-efficient recombinant protein production with the 
target product being produced in the latex of T. officinale. Application of the methodology, 
once developed, is not limited to any specific protein but is generally applicable to many 
protein or peptide-based products.  
Environmentally friendly approach. The process is driven by the sun and is therefore energy-
efficient and essentially pollution-free. T. officinale requires no special attention beyond 
routine horticultural maintenance. Their use is highly cost-efficient. 
Production of the target protein in a compartment containing a few other abundant proteins 
(contrary to plant leaf extracts) making the purification easier and which is continual through 
a system of non-destructive harvesting (tapping) of the latex of T. officinale.  
Glycosylation of eukaryotic proteins, which does not occur in bacterial systems for protein 
production, should take place in the transgenic T. officinale, but remains to be analysed for the 
antibody produced in the latex. This experiment can easily be performed and the type of 
glycosylation can be compared with glycosylation pattern of antibodies obtained from 
tobacco, maize, or Arabidopsis already analysed in our laboratory. 
The latex that excudes from T. officinale is free of human pathogens such as viruses. 
Successful transformation of T. officinale is free of specific gene and needs to be achieved 
only once. T. officinale are amenable to clonal propagation and an unlimited number of 
genetically identical plants (clones) can be generated by conventional horticultural methods. 
The technology does not involve the use of animals and hence the issue of animal right does 
not arise. 
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VI SUMMARY 
Nowadays, plants have become a promising alternative over the traditional expression 
systems for the production of biologically active complex recombinant proteins. So far, 
research has been focused on increasing accumulation levels of recombinant proteins 
expressed in many model plants. The many advantages of transgenic plants for 'bio-pharming' 
notwithstanding, their one significant and universal weakness is the difficulty of recovering 
the recombinant proteins. Generally, recovery of the target product involves the destruction of 
the plant or a substantial portion of it. As a result, protein recovery is not usually a continual 
process. Milkweeds are unique in that they produce latex upon tapping, a non-destructive 
method of extraction and harvesting. The latex from Dandelion, Taraxacum officinale Web., 
contains mainly four abundant peptides with an apparent molecular mass of 66, 60, 37, 18 
kDa. These four peptides were termed major latex protein (MLPs). The identification of the 
MLPs and cloning of their corresponding genes were undertaken with the objective to isolate 
useful promoters to drive high level transgene expression in genetically engineered T. 
officinale plants, which would allow a cost-effective purification of recombinant proteins 
from latex.  
After determining the partial amino-acid sequences of the MLP cyanobromide peptide 
fragments, we reported that three MLPs (MLP66, MLP37 and MLP18) show high sequence 
homology to plant polyphenol oxidases (PPO). Based on these peptide fragments, an inverse 
PCR strategy was developed to amplify a unique sequence, encoding the latex PPO. RT-PCR 
was used to confirm the expression of the latex ppo gene and revealed that two closely related 
genes encoding a PPO are expressed in the latex. 
Furthermore, several microscopy techniques were developed to identify and analyse the 
laticifer organisation in T. officinale. The in vitro data suggested that PPO activity is 
exclusively responsible for the L-DOPA-oxidation observed in the laticifers and in the latex 
fractions. 
In addition, we produced and used polyclonal antibodies against the mature PPO form and 
against the PPO carboxyl domain to probe protein gel blots of latex and plant tissues from T. 
officinale. Immuno-blot experiments confirmed that MLP66, MLP37 and MLP18 belong to the 
same gene products and were generated after catalytic cleavage of a pre-mature PPO 
precursor (MLP66). The presence of three PPO forms in plant sample and the demonstration of 
catalytic cleavage of the PPO were shown for the first time in this thesis. 
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The promoter region of the latex ppo gene was isolated by adaptor-anchored PCR and 
evaluated for high level expression of foreign protein in the latex. In this study, I present the 
results conducted in transgenic T. officinale and demonstrate that the ppo promoter was 
functional in the host plant. In transgenic T. officinale plants containing the ppo promoter 
region fused to the beta-glucuronidase (GUS) gene. GUS activity was restricted to the 
laticifers. Expression level was 50–fold higher in the laticifers than the expression level 
conferred by the CaMV 35S promoter in the same tissue. A number of potential cis-regulatory 
elements were identified in silico and are discussed in view of the GUS expression profiles 
observed in T. officinale.  
Finally, the ability of T. officinale to express complex recombinant proteins in the latex was 
tested by expressing the HIV-specific full length 2G12 antibody. In the present study, we 
demonstrated the expression and assembly of full-length heavy and light chains to form 
functional 2G12 antibodies in T. officinale leaves and latex fraction. 
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APPENDIX 1 
 
 
 
Alignment of the deduced amino acid sequence of the latex PPO from T .officinale with PPOs 
from several plant species. Accession nos.: apple, no. P43309 (Boss et al., 1995); grape, no. 
P43311 (Dry and Robinson, 1994); broad bean no.Q06215 (Cary et al., 1992); tomato, no. Q08296 
(Newman et al., 1993); potato no.Q06355 (Hunt et al., 1993); Spinach no. P43310 (Hind et al., 
1995). 
 
 
 
1 T. officinale     MASLAPSPTTTLTPTGGRSFSSSSNYSFSFSFNSTQVPTPKTLNHRHAVT 
 
1 T. officinale     SCKSADDHHHDIDSGTLDRRNVLLRLGGLYGAAATFGSNSLAFADPIMA 
 
1 T. officinale     PDLTQCGPADIPAGGIVTDCCPPFTTKIQDFKLPPPSNTLRIRPAAHLVD 
2 Apple             PDVSKCGPADLPQGAVPTNCCPPPSTKIIDFKLPAPAK-LRIRPPAHAVD 
3 Grape             PDISKCGTATVPDGVTPTNCCPPVTTKIIDFQLPSSGSPMRTRPAAHLV 
4 Broad bean        PDLSKCVPPSDLPSGTtiNCCPPYSTKITDFKFPS-NQPLRVRQAAHLVD 
5 Tomato            ---------------------------------------LRIRPPAHAAD 
6 potato            PDLKSCGVAHVTEGVDVtsCCPPVPDDIDsyYKFPPMTKLRIRPPAHAAD 
7 Spinach           -------------------------------------------------D 
 
1 T. officinale     KDYIDKFNKAIGLMKALPDDDPRSFKQQAVVHCAYCDGAYVQVGYPGLDL 
2 Apple             QAYRDKYYKAMELMKALPDDDPRSFKQQAAVHCAYCDGAYDQVGFPELEL 
3 Grape             KEYLAKYKKAIELQKALPDDDPRSFKQQANVHCTYCQGAYDQVGYTDLEL 
4 Broad bean        NEFLEKYKKATELMKALPSNDPRNFTQQANIHCAYCDGAYSQIGFPDLKL 
5 Tomato            EEYVAKYQLATSRMRELDKddPLGFKQQANIHCAYCNGAY---KVGGKEL 
6 Potato            EEYVAKYQLATSRMRELDKddPLGFKQQANIHCAYCNGAY---KVGGKEL 
7 Spinach           QEWLNDYKRAIAIMKSLPMSDPRSHMQQARVHCAYCDGSYPVLGHNDTRL 
     
1 T. officinale     QVHNSWLFFPFHRCYLYFFEKICGKLINDPTFAIPFWNWDAADGMTIPDI 
2 Apple             QIHNSWLFFPFHRYYLYFFEKILGKLINDPTFALPFWNWDSPAGMPLPAI 
3 Grape             QVHASWLFLPFHRYYLYFNERILAKLIDDPTFALPYWAWDNPDGMYMPTI 
4 Broad bean        QVHGSWLFFPFHRWYLYFYERILGSLINDPTFALPFWNYDAPDGMQLPTI 
5 Tomato            QVHFSWLFFPFHRWYLYFYERILGSLINDPTFALPYWNWDHPKGMRIPPM 
6 Potato            QVHFSWLFFPFHRWYLYFYERILGSLINDPTFALPYWNWDHPKGMRIPPM 
7 Spinach           EVHASWLFPSFHRWYLYFYERILGKLINKPDFALPYWNWDHRDGMRIPEI 
 
1 T. officinale     YTNSKSPLYDTLRDAKHQPPSVVDLDYNGVDENLSPSEQTSTNLTIMYRQ 
2 Apple             YADPKSPLYDKLRSANHQPPTLVDLDYNGTEDNVSKETTINANLKIMYRQ 
3 Grape             YASSPSSLYDEKRNAKHLPPTVIDLDYDGTEPTIPDDELKTDNLAIMYKQ 
4 Broad bean        YADKASPLYDELRNASHQPPTLIDLNFCDIGSDIDRNELIKTNLSIMYRQ 
5 Tomato            FDREGSSLYDEKRNQNHRNGTIIDLGHFGKEVDTPQLQIMTNNLTLMYRQ 
6 Potato            FDREGSSLYDDKRNQNHRNGTIIDLGHFGQEVDTPQLQIMTNNLTLMYRQ 
7 Spinach           FKEMDSPLFDPNRNTNHLDKMmlSFVSDEEGSDVNEDDQYEENILLMRKA 
 
1 T. officinale     MVSSAKTASLFMGSPYRAGDEPNPGGGTLENIPHGPVHIWTGDRNQPNGE 
2 Apple             MVSNSKNAKLFFGNPYRAGDEPDPGGGSIEGTPHAPVHLWTGDNTQPNFE 
3 Grape             IVSGATTPKLFLGYPYRAGDAIDPGAGTLEHAPHNIVHKWTGLADKPS-E 
4 Broad bean        VYSNGKTSRLFLGNPYRAGDAEPQGAGSIENVPHAPVHTWTGDNTQTNIE 
5 Tomato            MVTNAPCPSQFFGAAYPLGSEPSPGQGTIENIPHTPVHIWTGDkrQKNGE 
6 Potato            MVTNAPCPSQFFGAAYPLGTEPSPGMGTIENIPHTPVHIWTGDsrQKNGE 
7 Spinach           MvdDPNKAELFLGSPYRAGDKMesGAGILERMPHNSVHVWTRSNTIKGNQ 
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1 T. officinale     NMGNFYSAGKDPIFYAHHANVDRMWPIWKTLGGRRKDFTDSDWLDSSFSF 
2 Apple             DMGNFYSAGRDPIFFAHHSNVDRMWSIWKTLGGKRTDLTDSDWLDSGFLF 
3 Grape             DMGNFYTAGRDPIFFGHHANVDRMWNIWKTIGGkrKDFTDTDWLDATFVF 
4 Broad bean        DMGIFYSAARDPIFYSHHSNVDRLWYIWKTLGGKKHDFTDKDWLESGFLF 
5 Tomato            DMGNFYSAGLDPIFYCHHANVDRMWNEWKLIGGKRRDLTDKDWLNSEFFF 
6 Potato            NMGNFYSAGLDPIFYCHHANVDRMWDEWKLIGGKRRDLSNKDWLNSEFFF 
7 Spinach           DMGAFWSAGRDPLFYCHHSNVDRMWSLWTDvgNFPKTPEYDDYRNAYFYF 
 
1 T. officinale     YDENAEFVRVKVRDCLDSKKLGYAYEDVKIPWLKTKPRSKYGKSRRKAVG 
2 Apple             YNENAELVRVKVRDCLETKNLGYVYQDVDIPWLSSKPTPRRAKVALSKVA 
3 Grape             YDENKQLVKVKVSDCVDTSKLRYQYQDIPIPWLPKNTKAKAKTTTKSSKS 
4 Broad bean        YDENKNLVRVNVKDSLDIDKLGYAYQDVPIPWEKAKPVPRRTKVQKLvlR 
5 Tomato            YDENRNPYRVKVRDCLDSKKMGFDYAPMPTPWRNFKPIRKSSSGK----- 
6 Potato            YDENRNPYRVKVRDCLDSKKMGFSYAPMPTPWRNFKPIRKTTAGK----- 
7 Spinach           YDENANPVRVYVRDSFDTERLGYKYEDQELPWM----------------- 
 
1 T. officinale     HKHAVARADELIPFAKDVFPASLDKVIKVLVPRPKKSRSKKQKDEEEEVL 
2 Apple             KKLGVAhaSSSKVVAGTEFPISLGSKISTVVKRPkkKRSKKAKEDEEEIL 
3 Grape             GVAKAAELPKTTISSIGDFPKALNSVIRVEVPRPKKSRSKKEKEDEEEVL 
4 Broad bean        KSPTIFLVRQQSPRKYVTFPLVLNNKVSAIVKRPKKLRSKKEKEEEEEVL 
5 Tomato            -----VNTASIAPVSKVFPLAKLDRAISFSITRPASSRTTQEKNEQEEIL 
6 potato            -----VNTASIAPVTKVFPLAKLDRAISFSITRPASSRTTQEKNEQEEIL 
 
1 T. officinale     VVEGIEVKRNEFVKFDVFVDDEDDEVRATADKTEFAGSFVNVPHVHKHEK 
2 Apple             VIEGIEFDRDVAVKFDVYVNDVDD-LPSGPDKTEFAGSFVSVPHSHKHKK 
3 Grape             LIKGIELDRENFVKFDVYINDEDYSV-SRPKNSEFAGSFVNVPHKHMKEM 
4 Broad bean        VIEGIEFYMNIAIKFDVYINDEDDKV--GAGNTEFAGSFVNIPHSAHGHK 
5 Tomato            TFNKISYDDRNYVRFDVFLNVDKTVNADELDKAEFAGSYTSLPHVHGSNT 
6 potato            TFNKVAYDDTKYVRFDVFLNVDKTVNADELDKAEFAGSYTSLPHVHGNNT 
 
1 T. officinale     NVTTRLRLGISELLDDLGADDDDNVLVTLVPKTEGGEVSIGMIKIEYED 
2 Apple             KMNTILRLGLTDLLEEIEAEDDDSVVVTLVPK----------------- 
3 Grape             KTKTNLRFAINELLEDLGAEDDESVIVTIVPRAGGDDVTIGGIEIEF-- 
4 Broad bean        niITSLRLGITDLLEDLHVEGDDNIVVTLVPKCGSGQVKINNVEIVFED 
5 Tomato            NHVTSlkLAITELLEDIGLEDEDTIAVTLVPKAGGEEVSIESVEIKLED 
6 potato            NHVTSvkLAITELLEDNGLEDEDTIAVTLVPKVGGEGVSIESVEIKLED 
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APPENDIX 2 
 
Sequence of the latex ppo gene. The ppo promoter region precedes the transcription unit. The 
sequence encoding the transit petide is underlined in blue, the sequence encoding the 
processed PPO, including the active tyrosinase domain is underlined in yellow and the 
sequence encoding the carboxyl domain is underlined in pink. The 3’ UT is underlined in 
yellow 
 
         TGTTCCTTGTTAAATTAGTAAATGATGATGTTGATATATTAACCTAAAAGAATCAAATGA 
       1 ---------+---------+---------+---------+---------+---------+ 60 
a        C  S  L  L  N  *  *  M  M  M  L  I  Y  *  P  K  R  I  K  *   - 
 
         TCATGTGCCCCCAAAATGGAGTATGTTTAGGTTATTAACCGAAAGAAGCAAATGATTATG 
      61 ---------+---------+---------+---------+---------+---------+ 120 
a        S  C  A  P  K  M  E  Y  V  *  V  I  N  R  K  K  Q  M  I  M   - 
 
         TTGATACATTTGATTGATTAAACGTTTCATAATTAGTAAGTTAGATATATTGTTTCATAA 
     121 ---------+---------+---------+---------+---------+---------+ 180 
a        L  I  H  L  I  D  *  T  F  H  N  *  *  V  R  Y  I  V  S  *   - 
 
         TTAGTAAGTTAGATATATTGTCATAACCTGCATTTCCCAATAAAATCAATACATTTAAAC 
     181 ---------+---------+---------+---------+---------+---------+ 240 
a        L  V  S  *  I  Y  C  H  N  L  H  F  P  I  K  S  I  H  L  N   - 
 
         TATGATCATTAGGAAGTACATACTATACTATACTCCTTCAAGATAAGCAGATATAAAAAT 
     241 ---------+---------+---------+---------+---------+---------+ 300 
a        Y  D  H  *  E  V  H  T  I  L  Y  S  F  K  I  S  R  Y  K  N   - 
 
         CCCTAAATAGCTTTGGAATTTCACCATTTATTTTCTATATAAATGAAAGGTAGATGATTT 
     301 ---------+---------+---------+---------+---------+---------+ 360 
a        P  *  I  A  L  E  F  H  H  L  F  S  I  *  M  K  G  R  *  F   - 
 
         TGGGAGTTATCAAATGATACATAGTGCGATACAGTCAAAACCTTGTAGACTTGGTGATGG 
     361 ---------+---------+---------+---------+---------+---------+ 420 
a        W  E  L  S  N  D  T  *  C  D  T  V  K  T  L  *  T  W  *  W   - 
 
         ATGAGCAGGGTAATAGTACTCTTGAGCTTCGGTTTGGAACATATTGTACGTTGTGTTATC 
     421 ---------+---------+---------+---------+---------+---------+ 480 
a        M  S  R  V  I  V  L  L  S  F  G  L  E  H  I  V  R  C  V  I   - 
 
         AAGTCGCGGTGTTTTGTGAGGGTGTCATATATGGAAATTGAGAGAGATTGGAAGTTGTTT 
     481 ---------+---------+---------+---------+---------+---------+ 540 
a        K  S  R  C  F  V  R  V  S  Y  M  E  I  E  R  D  W  K  L  F   - 
 
         TGTAATATGATAGAGTTAAAGAATGGTATCATTATTTTGAAGGTACTGAGTGATATTTAT 
     541 ---------+---------+---------+---------+---------+---------+ 600 
a        C  N  M  I  E  L  K  N  G  I  I  I  L  K  V  L  S  D  I  Y   - 
 
         AATATAGTAAAGATATTATAAAAAGTATTCTTATACATAATGGGTTTAAATAATTGTAAG 
     601 ---------+---------+---------+---------+---------+---------+ 660 
a        N  I  V  K  I  L  *  K  V  F  L  Y  I  M  G  L  N  N  C  K   - 
 
         GNAAGGAAATAAATTAATGTATTAAGAATTTAAAAAGTGAAATGGGAATGGATGTCGAGA 
     661 ---------+---------+---------+---------+---------+---------+ 720 
a        ?  R  K  *  I  N  V  L  R  I  *  K  V  K  W  E  W  M  S  R   - 
 
                                                        
         CTTCGGGACCCCTGCCACACAACTCCTTCCACTCGGAGCCCGAGCTAGCCCAGGAACAAT 
     721 ---------+---------+---------+---------+---------+---------+ 780 
a        L  R  D  P  C  H  T  T  P  S  T  R  S  P  S  *  P  R  N  N   - 
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         ATGTCCGAGCCCTCCCTGAATCCTGAGTATAGCCCGAACCCCCCTCTCCATAATATCATT 
     781 ---------+---------+---------+---------+---------+---------+ 840 
a        M  S  E  P  S  L  N  P  E  Y  S  P  N  P  P  L  H  N  I  I   - 
 
 
         ACACTTAGTCTTATATTAAACAAACAAAAAAATCTTCATATCGGTTTTGTTTAAATCAAT 
     841 ---------+---------+---------+---------+---------+---------+ 900 
a        T  L  S  L  I  L  N  K  Q  K  N  L  H  I  G  F  V  *  I  N   - 
 
         AAAAGCAACACAAAAGGTTGAATGAATTGTCGAAGTTATATAATATATCAAATAAAAGTT 
     901 ---------+---------+---------+---------+---------+---------+ 960 
a        K  S  N  T  K  G  *  M  N  C  R  S  Y  I  I  Y  Q  I  K  V   - 
 
         GTGACATTTTTTAAATCAAAGTGTATTAAGGTTGAAGTATCTTAAAACTCGAACTTACTT 
     961 ---------+---------+---------+---------+---------+---------+ 1020 
a        V  T  F  F  K  S  K  C  I  K  V  E  V  S  *  N  S  N  L  L   - 
 
         GCCAAAGTTATATAATATAATACATAAACATGTAACTTTTTCTAAATTAAAGTGTATTAA 
    1021 ---------+---------+---------+---------+---------+---------+ 1080 
a        A  K  V  I  *  Y  N  T  *  T  C  N  F  F  *  I  K  V  Y  *   - 
 
         GCAGGTTGAAGTGTATTAAAGTGTATTAAGCAGGTTGAAGTGTATTAAAGTGTATTAAAA 
    1081 ---------+---------+---------+---------+---------+---------+ 1140 
a        A  G  *  S  V  L  K  C  I  K  Q  V  E  V  Y  *  S  V  L  K   - 
 
         GCAACACAAAAGGTTGAATGAATTGTCGAAGTTATATAATATATCAAATAAAAGTTGTGA 
    1141 ---------+---------+---------+---------+---------+---------+ 1200 
a        A  T  Q  K  V  E  *  I  V  E  V  I  *  Y  I  K  *  K  L  *   - 
 
         CATTTTTTAAATCAAAGTGTATTAAGGTTGAAGTATCTTAAAACTCGAACTTACTTGCCA 
    1201 ---------+---------+---------+---------+---------+---------+ 1260 
a        H  F  L  N  Q  S  V  L  R  L  K  Y  L  K  T  R  T  Y  L  P   - 
 
         AAGTTATACGGAGTATAATATAATACATAAACATGTAACTTTTTCTAAATTAAAGTGTAT 
    1261 ---------+---------+---------+---------+---------+---------+ 1320 
a        K  L  Y  G  V  *  Y  N  T  *  T  C  N  F  F  *  I  K  V  Y   - 
 
         TAAGCAGGTTGAAGTATTTTAAAATTCGAACTTATACGTTAATTACAAATTAAAGTATTT 
    1321 ---------+---------+---------+---------+---------+---------+ 1380 
a        *  A  G  *  S  I  L  K  F  E  L  I  R  *  L  Q  I  K  V  F   - 
 
         TAATATAAGTGATAATTGATCACTCGTTTAGAACTTTTAGTAATTATAATACGATAAACA 
    1381 ---------+---------+---------+---------+---------+---------+ 1440 
a        *  Y  K  *  *  L  I  T  R  L  E  L  L  V  I  I  I  R  *  T   - 
 
         TGGGTTAAACTTTATTAGGAAGCTTCTATAAATATATTGCTCTCCACCGTTATTTTAATT 
    1441 ---------+---------+---------+---------+---------+---------+ 1500 
a        W  V  K  L  Y  *  E  A  S  I  N  I  L  L  S  T  V  I  L  I   - 
 
         ACATTCAAACCAAGACTAAATATGGCATCCCTTGCACCATCTCCAACCACTACCCTCACC 
    1501 ---------+---------+---------+---------+---------+---------+ 1560 
a        T  F  K  P  R  L  N  M  A  S  L  A  P  S  P  T  T  T  L  T   - 
 
         CCCACTGGCGGAAGGAGCTTCTCTTCCTCCTCCAACTACTCTTTTTCCTTCTCTTTTAAT 
    1561 ---------+---------+---------+---------+---------+---------+ 1620 
 a        P  T  G  G  R  S  F  S  S  S  S  N  Y  S  F  S  F  S  F  N   - 
 
         TCAACTCAAGTTCCCACACCAAAAACCCTCAACCATCGCCATGCAGTGACGTCATGCAAA 
    1621 ---------+---------+---------+---------+---------+---------+ 1680 
 a        S  T  Q  V  P  T  P  K  T  L  N  H  R  H  A  V  T  S  C  K   - 
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         AGTGCAGATGACCACCACCATGATATAGACTCGGGAACACTTGATAGAAGAAACGTCCTA 
    1681 ---------+---------+---------+---------+---------+---------+ 1740 
 a        S  A  D  D  H  H  H  D  I  D  S  G  T  L  D  R  R  N  V  L   - 
 
         TTACGTCTCGGAGGTCTCTATGGTGCCGCTGCCACTTTTGGTTCTAATTCACTGGCCTTT 
    1741 ---------+---------+---------+---------+---------+---------+ 1800 
a        L  R  L  G  G  L  Y  G  A  A  A  T  F  G  S  N  S  L  A  F   - 
 
         GCAGATCCGATCATGGCACCGGACCTCACACAATGTGGTCCGGCCGACATTCCAGCAGGT 
    1801 ---------+---------+---------+---------+---------+---------+ 1860 
a        A  D  P  I  M  A  P  D  L  T  Q  C  G  P  A  D  I  P  A  G   - 
 
         GGTATAGTCACAGACTGTTGCCCTCCATTCACCACAAAGATTCAAGATTTCAAACTTCCC 
    1861 ---------+---------+---------+---------+---------+---------+ 1920 
a        G  I  V  T  D  C  C  P  P  F  T  T  K  I  Q  D  F  K  L  P   - 
 
         CCGCCGTCAAACACCCTCCGTATCCGGCCAGCCGCTCATTTGGTTGATAAAGATTACATA 
    1921 ---------+---------+---------+---------+---------+---------+ 1980 
a        P  P  S  N  T  L  R  I  R  P  A  A  H  L  V  D  K  D  Y  I   - 
 
         GACAAATTCAATAAAGCTATCGGGCTCATGAAAGCTCTCCCAGATGACGATCCACGTAGT 
    1981 ---------+---------+---------+---------+---------+---------+ 2040 
a        D  K  F  N  K  A  I  G  L  M  K  A  L  P  D  D  D  P  R  S   - 
 
         TTCAAGCAACAAGCTGTTGTTCATTGTGCCTATTGCGATGGCGCATATGTGCAAGTCGGC 
    2041 ---------+---------+---------+---------+---------+---------+ 2100 
a        F  K  Q  Q  A  V  V  H  C  A  Y  C  D  G  A  Y  V  Q  V  G   - 
 
         TACCCAGGTCTGGACCTTCAAGTCCATAACTCATGGCTGTTCTTCCCTTTCCATCGTTGT 
    2101 ---------+---------+---------+---------+---------+---------+ 2160 
a        Y  P  G  L  D  L  Q  V  H  N  S  W  L  F  F  P  F  H  R  C   - 
 
         TACTTGTACTTTTTCGAGAAAATTTGTGGCAAATTAATCAATGACCCAACTTTCGCAATT 
    2161 ---------+---------+---------+---------+---------+---------+ 2220 
a        Y  L  Y  F  F  E  K  I  C  G  K  L  I  N  D  P  T  F  A  I   - 
 
         CCGTTTTGGAACTGGGACGCAGCTGATGGGATGACAATCCCTGACATTTACACAAATTCG 
    2221 ---------+---------+---------+---------+---------+---------+ 2280 
a        P  F  W  N  W  D  A  A  D  G  M  T  I  P  D  I  Y  T  N  S   - 
 
         AAATCTCCGTTATACGATACTCTTCGCGATGCAAAACATCAACCACCATCTGTGGTTGAC 
    2281 ---------+---------+---------+---------+---------+---------+ 2340 
a        K  S  P  L  Y  D  T  L  R  D  A  K  H  Q  P  P  S  V  V  D   - 
 
         CTTGACTACAATGGTGTTGACGAAAATCTTAGTCCTTCGGAACAAACATCTACAAATCTC 
    2341 ---------+---------+---------+---------+---------+---------+ 2400 
a        L  D  Y  N  G  V  D  E  N  L  S  P  S  E  Q  T  S  T  N  L   - 
 
         ACAATTATGTATAGACAAATGGTGTCTAGTGCCAAAACTGCTAGTCTTTTCATGGGTAGC 
    2401 ---------+---------+---------+---------+---------+---------+ 2460 
a        T  I  M  Y  R  Q  M  V  S  S  A  K  T  A  S  L  F  M  G  S   - 
 
         CCTTATCGTGCTGGCGATGAGCCTAACCCTGGTGGTGGCACGTTAGAGAACATACCACAC 
    2461 ---------+---------+---------+---------+---------+---------+ 2520 
a        P  Y  R  A  G  D  E  P  N  P  G  G  G  T  L  E  N  I  P  H   - 
 
         GGTCCGGTACATATTTGGACAGGAGATAGGAACCAACCAAATGGTGAAAACATGGGTAAC 
    2521 ---------+---------+---------+---------+---------+---------+ 2580 
a        G  P  V  H  I  W  T  G  D  R  N  Q  P  N  G  E  N  M  G  N   - 
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         TTTTATTCGGCTGGAAAAGACCCAATTTTCTATGCACATCATGCGAATGTCGATAGAATG 
    2581 ---------+---------+---------+---------+---------+---------+ 2640 
a        F  Y  S  A  G  K  D  P  I  F  Y  A  H  H  A  N  V  D  R  M   - 
 
         TGGCCAATTTGGAAAACTCTAGGTGGAAGAAGGAAAGACTTTACCGATAGCGACTGGCTT 
    2641 ---------+---------+---------+---------+---------+---------+ 2700 
a        W  P  I  W  K  T  L  G  G  R  R  K  D  F  T  D  S  D  W  L   - 
 
         GATTCTTCGTTCTCGTTCTATGATGAGAACGCCGAGTTTGTTCGGGTCAAGGTGAGGGAT 
    2701 ---------+---------+---------+---------+---------+---------+ 2760 
a        D  S  S  F  S  F  Y  D  E  N  A  E  F  V  R  V  K  V  R  D   - 
 
         TGTCTCGACTCCAAGAAGCTTGGTTATGCTTATGAAGATGTAAAGATACCATGGCTAAAA 
    2761 ---------+---------+---------+---------+---------+---------+ 2820 
a        C  L  D  S  K  K  L  G  Y  A  Y  E  D  V  K  I  P  W  L  K   - 
 
         ACCAAACCTCGTTCAAAATACGGAAAGTCTAGGAGAAAGGCAGTGGGCCACAAGCACGCT 
    2821 ---------+---------+---------+---------+---------+---------+ 2880 
a        T  K  P  R  S  K  Y  G  K  S  R  R  K  A  V  G  H  K  H  A   - 
 
         GTTGCCCGAGCCGATGAACTCATACCCTTTGCAAAAGATGTTTTTCCGGCGAGTCTTGAT 
    2881 ---------+---------+---------+---------+---------+---------+ 2940 
a        V  A  R  A  D  E  L  I  P  F  A  K  D  V  F  P  A  S  L  D   - 
 
         AAGGTCATGATCAAGGTCCTGGTTCCAAGGCCGAAGAAGTCGAGGAGCAAGAAACAAAAA 
    2941 ---------+---------+---------+---------+---------+---------+ 3000 
a        K  V  M  I  K  V  L  V  P  R  P  K  K  S  R  S  K  K  Q  K   - 
 
         GATGAAGAAGAGGAGGTTTTGGTTGTAGAAGGAATTGAAGTGAAGAGAAACGAGTTTGTG 
    3001 ---------+---------+---------+---------+---------+---------+ 3060 
a        D  E  E  E  E  V  L  V  V  E  G  I  E  V  K  R  N  E  F  V   - 
 
         AAGTTTGATGTATTTGTGGATGATGAAGATGACGAGGTGAGGGCCACTGCGGATAAGACG 
    3061 ---------+---------+---------+---------+---------+---------+ 3120 
a        K  F  D  V  F  V  D  D  E  D  D  E  V  R  A  T  A  D  K  T   - 
 
         GAATTCGCCGGAAGTTTTGTGAATGTCCCTCATGTGCATAAGCATGAGAAGAATGTGACG 
    3121 ---------+---------+---------+---------+---------+---------+ 3180 
a        E  F  A  G  S  F  V  N  V  P  H  V  H  K  H  E  K  N  V  T   - 
 
         ACGCGATTGAGGTTAGGGATAAGTGAACTTTTGGACGATTTGGGAGCTGATGATGATGAC 
    3181 ---------+---------+---------+---------+---------+---------+ 3240 
a        T  R  L  R  L  G  I  S  E  L  L  D  D  L  G  A  D  D  D  D   - 
 
         AATGTATTGGTGACATTGGTGCCCAAAACCGAAGGTGGTGAAGTTTCCATTGGAATGATC 
    3241 ---------+---------+---------+---------+---------+---------+ 3300 
a        N  V  L  V  T  L  V  P  K  T  E  G  G  E  V  S  I  G  M  I   - 
 
         AAAATCGAGTATGAGGATTGATAAAAAGACATGCATACTCTTTTTAATATAAATAAAATA 
    3301 ---------+---------+---------+---------+---------+---------+ 3360 
a        K  I  E  Y  E  D  *  *  K  D  M  H  T  L  F  N  I  N  K  I   - 
 
         AAATTAAGTAGATTTCGAGCTTTCTGAAAAGGTTTCTTGCCTTAGGCGATTCTACTCTTC 
    3361 ---------+---------+---------+---------+---------+---------+ 3420 
a        K  L  S  R  F  R  A  F  *  K  G  F  L  P  *  A  I  L  L  F   - 
 
         ATTGAACTCGACAATGAAATTCTACAATGCATAAAACACTATAGCGTGCTCATGTAAGAT 
    3421 ---------+---------+---------+---------+---------+---------+ 3480 
a        I  E  L  D  N  E  I  L  Q  C  I  K  H  Y  S  V  L  M  *  D   - 
 
         ATATTTATAAAATCTAAGTTATGACATGTTTAATAAATAAAATGTTTTCTCTGTACTATA 
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    3481 ---------+---------+---------+---------+---------+---------+ 3540 
a        I  F  I  K  S  K  L  *  H  V  *  *  I  K  C  F  L  C  T  I   - 
 
         TATTGAAAATTCAGTCGTTATTGAACTAAGATATCAAAACGATATTGATCAGTTGATCCN 
    3541 ---------+---------+---------+---------+---------+---------+ 3600 
a        Y  *  K  F  S  R  Y  *  T  K  I  S  K  R  Y  *  S  V  D  P   - 
 
         AAAAAAAAAAAAAAAAAAAAAAAAAA 
    3601 ---------+---------+------ 3626 
a        K  K  K  K  K  K  K  K     - 
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FLORENCE FOUCU 
Date of birth March, 27 1978  
Nationality   French   
Contact details ? Rochusstrasse, 21 52062 Aachen, Germany 
   Mobile +49- (0) 1638709401  
   Office  +49- (0) 241608513161   
   ffoucu@molbiotech.rwth-aachen.de 
 
 
 
WORK EXPERIENCE 
 
 
2003 - today  PhD in Plant Molecular Biotechnology                   Germany   
  Institut Bio7 RWTH/ Fraunhofer Institute for Molecular Biology and Applied Ecology, Aachen 
   Worked to establish a laticifers-targeting system for production and purification  
   of recombinant proteins, based on the regulatory promoter and signal peptide 
   sequences of the Major Latex Protein (MLPs) from T. officinale.  
    
• Identification and characterisation of the MLPs:  
plant protein analysis, EDMAN sequencing 
• Identification of the MLPs corresponding genes: 
Inverse PCR, RT-PCR, cloning, sequence analysis 
• Development of microscopy techniques for laticifers analysis:  
light, confocal, electron microscopy  
• Generation of polyclonal antibodies: 
protein expression, purification, immunodetection 
• Laticifer specific promoter isolation and functionality analysis in transgenic plant 
Genome Walking, transient and stable expression of reporter genes (GUS, DsRed) 
• Stable recombinant expression of full length human antibodies in the plants: 
Dot blot, western blot, SRP, antibody purification  
 
Dissertation: “Taraxacum officinale as an expression system for high-value proteins:  
Molecular cloning and functional analysis of the major latex proteins. “ 
 
Publication: Florence Foucu, Kai Mueller, Xi Chang, Jost Muth, Thomas Rademacher,  
Flora Schuster, Rainer Fischer, Dirk Prüfer. Identification of the Major Latex Proteins  
from Taraxacum officinale: molecular cloning and characterisation of a polyphenol oxidase. 
Submitted 
 
Teaching experience: Supervision of MSc, BSc students, practical courses 
 
2003  Six months work-experience (MSc training),      Germany 
   Fraunhofer Institute of Molecular Biology and Applied Ecology, Schmallenberg 
    
   Dissertation: “Expression of eight genes from the TIA metabolic pathway in transgenic rice “ 
 
Key-words: Terpenoid Indole Alkaloid, Catharanthus roseus, metabolic engineering,  
Oryza sativa, Multi-plasmid transformation.  
    
 
2001  Four months work-experience (BSc training)                         UK 
   Crop Genetics Department, John Innes Centre, Norwich              
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   Dissertation: “Exploring genetic variation within Brassica synthetic population” 
 
   Key-words: Brassica napus, microsatellite, marker assisted breeding, genetic variation, 
pod-shatter resistance, glucosinolate. 
       
2000  Two months work-experience                                          Ivory Coast 
   Société d’étude et de développement de la culture Bananière in Abidjan 
 
   Dissertation: “Study of the Banana in vitro culture development” 
 
 
EDUCATION - QUALIFICATION 
 
2003 – today  PhD in Plant Molecular Biotechnology      Germany 
Molecular biotechnology department, Bio 7, RWTH university of Aachen 
 
2003   DESS (equivalent to 2nd year of MSc) « Plant Protection and Promotion».                  France 
   University of Pau (UPPA) 
    
2002 Maîtrise (equivalent to 1st year of MSc) in biochemistry. University of Pau 
 
 
2001 BSc in biochemistry with honours 2.1. University of Pau 
 
LANGUAGES:         English (fluent), French (mother tongue), German (basic), Spanish (tourist-level) 
 
COMPUTER SKILLS: World, Excel, PowerPoint, Scientific (EndNote, Clone Manager, DNASTAR, Staden) 
 
PERSONAL INTERESTS 
• Grew-up and studied in France, Germany, United Arab Emirates, Ivory coast, Gabon, 
England, Spain 
• Literature (novel, science fiction), cinema  
• Horseriding, swimming 
 
 
REFEREES  
  
Prof. Dr. Rainer Fischer     Prof. Dr. Dirk Prüfer (Office at Münster University) 
Fraunhofer IME, Forckenbeckstrasse 6     Fraunhofer IME, Forckenbeckstrasse 6 
52074 Aachen      52074 Aachen 
phone: +49-241-6085-11010      phone: +49-173-3532964 
e-mail : fischer@ime.fraunhofer.de    e-mail : pruefer@ime.fraunhofer.de 
 
